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EXPLANATION  OF  PLATES. 


PLATE  I. 

Fig.  1.  Urea.  Quadratic  prisms,  and  their  combinations.  The 
lower,  more  perfect  crystals,  are  obtained  by  the  addi- 
tion of  absolute  alcohol  to  a saturated  solution  of  urea 
in  spirits  of  wine.  The  upper  half  of  the  circular  field 
exhibits  prisms  and  needles  obtained  by  the  rapid 
evaporation  of  a solution  of  urea  in  methyl- alcohol. 
(See  p.  45.) 

„ 2.  Nitrate  of  urea.  Rhombic  prisms  and  plates,  representing  * 

the  type  of  a precipitate  obtained  by  adding  to  a con- 
centrated watery  solution  of  urea,  colourless  nitric  acid. 
Much  more  perfect  crystals,  radiary  groups  of  needles, 
are  obtained  by  the  slow  evaporation  of  a solution  of 
this  salt  in  water.  (See  p.  48.) 

„ 3.  Oxalate  of  urea.  Rhombic  prisms  and  plates,  represent- 

ing the  type  of  a precipitate,  by  adding  oxalic  acid  to 
a solution  of  urea.  (See  p.  49.) 

„ 4.  Nitrate  of  urea  and  mercury  ; the  salt  obtained  by  per- 

mitting the  precipitate  of  Liebig’s  quantitative  test 
to  crystallize  in  the  acid  fluid.  (See  pp.  50,  53.) 

„ 5.  Uric  acid,  pure,  in  delicate  rhombic  prisms  and  plates. 

They  polarize  in  beautiful  colours  between  crossed 
Nicholl  prisms.  (See  p.  80.) 

„ 6.  Uric  acid,  in  rhombic  prisms  and  plates,  crystallized  from 

concentrated  hydrochloric  acid.  (See  p.  80.) 
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PLATE  II. 


Fig.  1.  Uric  acid.  A variety  of  forms  of  uric  acid  met  with  in 
spontaneous  deposits.  (See  p.  80.) 

„ 2.  Crystallized  uric  acid  sediment  mixed  with  blood-corpuscles, 

from  the  observation  described  at  p.  107. 

„ 3.  Deposit  of  urate  of  soda,  described  in  the  observation  re- 

corded at  p.  101,  et  seq. 

„ 4.  Hippuric  acid.  Microscopical  rhombic  prisms,  single  and 

in  groups,  from  human  urine.  (See  p.  143.) 

„ 5.  Creatine.  Clinorhombic  prisms  and  plates.  Though  cor- 

rect, this  figure  is  not  a very  typical  representation. 
(See  pp.  117,  118.) 

„ 6.  Creatinine.  Clinorhombic  prisms  and  plates,  typical  of 

a good  specimen,  crystallized  from  alcohol.  (See 
p.  123.) 
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PLATE  III. 


Fig.  1.  Chloride  of  zinc-creatinine,  free  of  creatine.  Delicate  needles 
in  brushes  and  zeolithic  arrangement.  (See  pp.  124, 
125.) 

„ 2.  Ammonio-phosphate  of  magnesia  in  the  form  of  rhombic 

crystals,  mixed  with  amorphous  granules,  phosphate  of 
lime,  and  granular  urates.  From  the  urine  of  a para- 
plegic patient.  (See  pp.  205,  206.) 

„ 3.  Epithelial  fibrinous  casts,  with  some  loose  epithelial  cells 

and  blood-corpuscles,  typical  of  a deposit  in  the  urine  of 
a child  suffering  from  acute  desquamative  nephritis. 
(See  p.  241.) 

„ 4.  Epithelial  casts  of  the  uriniferous  tubules,  and  loose  epi- 

thelial cells,  characteristic  of  a deposit  in  the  urine  of  a 
patient  labouring  under  jaundice.  The  cells  are  deeply 
impregnated  with  biliary  colouring  matter. 

„ 5.  The  various  appearances  of  blood-corpuscles  under  the  cir- 

cumstances described  at  pp.  228  to  230. 

„ 6.  Blood-casts  and  blood-corpuscles,  somewhat  changed  by 

preserving.  From  the  urine  of  a patient,  who  had 
taken  half  an  ounce  of  turpentine.  The  characteristic 
hourglass  shape  of  blood-corpuscles  seen  from  the  side, 
diagnostic  of  fresh  blood-casts,  could  not  be  represented 
in  this  specimen.  (See  p.  231.) 
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PLATE  IV. 


Fig.  1.  Intra-epithelial  small  pus-casts,  from  the  urine  of  a case  of 
suppurative  nephritis.  The  drawing  is  made  after  a 
specimen  kindly  lent  to  me  by  Dr.  Johnson.  (See 
p.  258.) 

„ 2.  Intramembranous  large  pus-casts,  with  casts,  perhaps 

fibrinous,  containing  pus-corpuscles.  There  are  some 
loose  pus-corpuscles  at  the  margin.  After  a specimen 
from  Dr.  Johnson.  (See  p.  258.) 

„ 3.  Granular  casts,  and  disintegrated  granular  matter,  and 

degenerated  epithelial  cells.  From  the  urine  of  a man 
with  gibbus,  hypertrophy  of  the  heart,  and  anasarca. 
(See  p.  245.) 

„ 4.  Casts  and  epithelial  cells,  containing  fatty  matter.  (See 

p.  245.) 

„ 5.  Intratubular  (intra-epithelial)  hyaloid  casts.  From  a case 

of  chronic  non-desquamative  nephritis  in  a boy,  after 
scarlatina.  (See  p.  244.) 

„ 6.  Large  waxy  intramembranous  hyaloid  casts.  From  the 

urine  of  a case  of  chronic  gout.  (See  p.  246.) 
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PLATE  Y. 

Fig.  1.  A piece  of  the  wall  of  the  echinococcus  cyst,  showing  the 
internal  granular  surface,  and  several  layers  of  structure- 
less membrane.  Hooklets  of  echinococci,  triple  phos- 
phate, oxalate  of  lime,  and  uric  acid  crystals  from  the 
contents  of  the  cyst,  fill  the  rest  of  the  field.  (See 
p.  267.) 

„ 2.  Echinococcus,  stretched  out  at  full  length ; another  re- 

tracted ; a third,  in  a condition  of  beginning  disinte- 
gration. This,  and  the  last  figure,  are  copied  from 
Dr.  Barker’s  plate.  (See  p.  268.) 

„ 3.  On  the  left  are  figured  ordinai’y  pus-corpuscles,  varying, 

however,  in  size.  At  the  top  is  represented  a group  of 
pus-corpuscles  collapsed  under  the  influence  of  a con- 
centrated solution  of  sulphate  of  soda.  On  the  right, 
some  granular,  fatty,  and  disintegrated  corpuscles,  from 
an  old  circumscribed  abscess  in  the  kidney,  have  been 
sketched. 

„ 4.  Oxalate  of  lime,  in  quadratic  octahedra,  and  quadratic 

prisms.  (See  pp.  355,  356,  361.) 

,,  5.  Various  forms  of  artificial  oxalate  of  lime,  from  urine  de- 

scx'ibed  at  p.  356. 

„ 6.  Dumb-bell  crystals  of  oxalate  of  lime.  From  the  case 

detailed  at  p.  368. 


PLATE  VI. 


1.  Cystine,-  precipitated  from  its  ammoniacal  solution  by  acetic 

acid.  (See  p.  297.) 

2.  Sarcina  ventriculi,  from  human  urine.  Preserved  in  creosote 

water.  (See  p.  413.) 

3.  Sulphate  of  iodo-quinine.  The  upper  crystals  are  placed  on 

the  blue,  the  lower  on  the  pink  selenite  stage,  with 
single  tourmaline  beneath  it. 

4=  Sulphate  of  quinidine,  polarizing  between  two  tourmalines 
crossed  at  right  angles.  This,  and  the  last  figure,  are 
copied  from  Dr.  Herapath’s  plate,  in  the  ‘ Microscopical 
Journal.’  (See  p.  393,  et  seq.) 

5.  Leucine  in  strings  and  balls  of  rhombic  plates,  obtained 

by  sublimation  of  pure  and  dry  leucine.  (See  p.  283.) 

6.  Uroglaucine  in  petaloid  masses,  after  Heller.  Indigo  blue 

by  reduction,  and  subsequent  slow  oxydation.  Indigo 
blue  in  plates,  by  sublimation.  (See  pp.  330,  333.) 
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PLATE  VII. 


Vogel’s  Table  for  the  determination  of  the  quantity  of  Uraematine 
in  urine. 


I.  First  Group.  Yelloivish  JJrine. 

The  colour  is  yellow  (gamboge,  mixed  with  a greater  or  lesser 
amount  of  water).  Starting  with  the  perfectly  colourless  urine,  this 
group  has  three  gradations  or  nuances : 

1.  Pale  yellow  (gamboge  with  much  water). 

2.  Light  yellow  (gamboge  with  less  water). 

3.  Yellow  (gamboge  with  very  little  water-). 


II.  Second  Group.  Reddish  Urines. 

With  the  yellow  there  is  mixed  a greater  or  lesser  amount  of  red 
(gamboge  with  crimson  lake).  These  urines  are  generally  termed 
“ highly  coloured.”  There  are  again  three  varieties  of  this  group  : 

4.  Reddish-yellow.  An  admixture  of  some  red  to  the  prevailing 

yellow  (gamboge  with  a little  crimson  lake) . 

5.  Yellowish-red.  The  red  colour  becomes  more  prominent  in 

the  yellow  body  of  the  fluid  (gamboge  with  more  crimson 
lake). 

6.  Red.  The  red  colour  is  prevalent,  but  there  is  still  a slight 

admixture  of  yellow  (crimson  lake  with  little  gamboge) . 


III.  Third  Group.  Brown  (dark)  Urines. 

The  red  colour  passes  through  brown  to  almost  black  tints  (gam- 
boge, crimson  lake,  and  more  or  less  Prussian  blue). 

7.  Brownish-red.  Red  with  an  admixture  of  a little  brown. 

8.  Reddish-brown.  There  is  more  of  the  brown  colour  than  in 

the  last. 

9.  Brownish-black.  Almost  black,  but  with  a touch  of  the 

reddish-brown. 
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CHAPTER  I. 

GENERAL  CHARACTERS  OE  URINE. 


PHYSICAL  CHARACTERS  OP  URINE. 

The  urine  which  has  just  been  voided  by  a healthy  indi- 
vidual is  a clear  fluid,  of  yellow  colour,  of  the  temperature 
of  the  body,  of  an  odour  which  is  peculiar  to  it,  and  is  there- 
fore termed  urinous ; it  has  a saline  taste,  with  an  admixture 
of  some  bitterness,  and  reddens  blue  litmus  paper.  A short 
time  after  the  fluid  has  come  to  rest  in  the  vessel  into  which 
it  has  been  passed,  a small,  light  cloud,  of  a grayish-white 
colour,  may  be  observed  settling  towards  the  bottom  of  the 
vessel.  This  cloud  consists  of  the  mucus  and  epithelium  of 
the  urinary  passages. 

Clearness  and  Turbidity  of  Urine. 

Turbidity  of  urine  depends  upon  the  admixture  of  solid 
and  insoluble  substances.  The  flocculent,  small  cloud  of 
healthy  mucus  may  be  distinguished  from  other  matters  by 
its  being  easily  diffused  by  agitation,  and  by  its  insolubility 
in  nitric  acid.  So  great  a turbidity  or  thickness  of  the  whole 
mass  of  urine,  however,  as  after  an  interval  of  repose  to  cause 
the  subsidence  of  a deposit  to  the  bottom  of  the  vessel  or  on 
the  side,  must  he  considered  as  abnormal,  and  therefore 
attracts  attention.  We  then  proceed  to  investigate  its 
nature,  which,  taken  together  with  the  other  properties  of 
the  urine  containing  the  sediment,  w*ill  often  afford  great 
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assistance  in  tlie  inquiry  into  the  seat  and  cause  of  the  disor- 
der, of  which  the  turbid  condition  is  a symptom. 

In  considering  a specimen  of  urine  with  regard  to  its 
tq^bidity,  great  care  must  be  taken  in  ascertaining  whether 
it  was  passed  in  a turbid  state,  or  whether  the  turbidity  and 
sediment  supervened  after  its  emission,  or  after  a lengthened 
period  of  rest.  The  prognosis  of  many  cases  is  determined 
by  this  circumstance,  an  accurate  knowledge  of  which,  not 
always  easily  to  be  acquired,  is  therefore  of  practical  impor- 
tance. 

We  must  guard  against  considering  simple  clearness  of  the 
urine  as  a sign  that  there  is  nothing  wrong  in  that  fluid. 
Many  abnormal  substances,  the  products  of  disease,  are 
found  in  clear  urine,  and  many  pathological  alterations  in 
the  quantities  of  the  normal  ingredients  occur  in  a limpid 
fluid. 

At  the  end  of  this  volume  are  given  some  tables  for  dis- 
covering the  nature  of  urinary  deposits  by  chemical  reagents 
and  the  microscope.  The  appearance  in  the  form  of  sediments 
of  the  separate  bodies,  normal  and  abnormal,  their  reactions 
and  their  general  behaviour,  are  given  under  each  body. 


Tints  of  Urine. 

The  normal  amber-yellow  colour  of  urine  is  due  to  a cer- 
tain amount  of  colouring  matters,  which  enter  into  the  com- 
position of  that  fluid.  Though  great  progress  has  of  late 
been  made  in  the  analysis  of  these  bodies,  and  many  valuable 
facts  have  been  ascertained  with  relation  to  them,  yet  their 
nature  is  not  so  well  defined  as  is  desirable.  For  observation 
at  the  bedside  gives  ample  proof  that  the  colour  of  urine  is 
frequently  an  exponent  of  the  nature  and  amount  of  func- 
tional disturbance,  and  indicates  to  the  physician  the  direc- 
tion in  which  his  further  examination  should  proceed. 

Starting  from  the  fact  that  the  normal  colouring  ingre- 
dients of  urine  are  capable  of  generating  a series  of  tints, 
varying,  according  to  the  degree  of  dilution,  from  a nearly 
colourless  water-like,  through  the  common  pale  amber, 
with  an  admixture  of  red,  to  red,  reddish-brown,  and  up  to 
deep  brown ; and,  assuming  as  the  standard  scale  of  colours 
the  table  of  Yogel,  which  is  affixed  to  this  volume,  we  have 
at  once  gained  a basis  which  will  secure  uniformity  of  ob- 
servation and  description  on  this  subject.  Supposing,  then, 
the  different  tints  enumerated  to  be  due  to  different  degrees 
of  dilution  of  the  normal  colouring  matter,  whether  in 
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the  urine  of  a patient  or  in  that  of  a healthy  person,  then 
the  colour  is  designated  as  of  a normal  character,  its  degree 
only  being  ranged  amongst  the  pathological  facts.  These 
degrees  of  colour,  as  applied  to  the  determination  of  the 
amount  of  colouring  matter  present,  will  be  treated  of  in 
the  chapter  on  Uraematine.  Here  it  may  suffice  to  indi- 
- cate  the  general  practical  conclusions  which  may  be  drawn 
from  the  different  colours  as  regards  the  other  characters  of 
the  urine,  and  the  condition  of  the  organism  by  which  it  has 
been  voided. 

Pale  urine  varies  from  nearly  colourless,  through  a faint 
greenish  tint,  up  to  straw-yellow.  It  is  the  urine  of  early 
infancy,  and  is  common  in  adults  after  the  ingestion  of  large 
quantities  of  water  or  watery  fluids.  It  is  mostly  neutral, 
less  frequently  alkaline,  rarely  acid.  It  is  common  in 
chlorosis  and  other  anaemic  conditions,  and  then  contains  a 
small  amount  of  urea,  and  of  solids  generally.  In  diabetes, 
however,  the  pale  colour  does  not  admit  of  any  conclusion 
as  to  the  amount  of  solids  generally.  Practically  the  general 
rule  holds  good,  that  as  long  as  a •patient  secretes  this  de- 
scription of  urine,  he  is  not  affected  by  any  severe  illness  of  a 
febrile  and  acute  nature.  (Yogel.) 

Amber-coloured  urine  is  the  common  urine  of  health.  Its 
occurrence  excludes  all  diseases  of  which  either  the  pale  or 
the  very  highly  coloured  urine  is  a usual  symptom. 

Highly  coloured  urine  ranges  from  a reddish-yellow  colour 
to  red,  and  is  of  a decidedly  acid  reaction,  and  high  specific 
gravity,  indicating  the  presence  of  a large  amount  of  solids, 
particularly  urea.  Concentration  being  the  principal  and 
uniform  feature  of  this  sort  of  urine,  it  is  well  to  bear  in  mind 
that  it  may  be  produced  in  four  different  ways.  1 . Either  the 
person  voiding  such  urine  has  taken  very  little  liquid,  and  in 
that  case  the  whole  amount  of  concentrated  urine  will  be  very 
small.  2.  Or  the  water  of  the  blood  has  been  evaporated  by 
the  skin  in  the  form  of  perspiration.  3.  The  third  Avay  in 
which  a concentrated  highly  coloured  urine  may  be  produced 
in  healthy  individuals,  is  by  the  ingestion  into  the  blood  of  a 
large  amount  or  an  excess  of  nutritive  nitrogenous  matter.  It 
is  therefore  of  frequent  occurrence  with  those  who  partake  of 
sumptuous  dinners,  and  who,  like  old  Father  Noah,  “have  a 
dislike  to  water,  because  all  sinful  men  and  beasts  were 
drowned  in  it.”  4.  The  fourth  mode  of  formation  of  this 
description  of  urine  is  the  more  rapid  disintegration  of  tissue 
and  waste  of  matter  in  febrile  diseases.  Here  the  indication 
is  the  more  valuable,  as  other  symptoms,  such  as  the  tempe- 
rature of  the  body  or  the  state  of  the  pulse,  cannot  always 
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be  exclusively  relied  upon  as  exponents  of  the  intensity  of  the 
febrile  process.  It  need  scarcely  be  mentioned  that  several 
of  the  circumstances  enumerated  may  combine  in  producing 
a highly  coloured  urine,  such  as  fever  and  perspiration,  or 
large  meals,  and  violent  exercise.  In  all  cases,  however,  the 
absolute  amount  of  solids  discharged  in  a given  time  should 
be  regarded  as  the  prominent  indication.  The  solids  must  pass 
through  the  kidney  ; the  water  may  be  discharged  by  kidneys, 
lungs,  and  skin. 

Of  the  tints  of  urine  due  to  abnormal  substances,  those  wull 
be  first  mentioned  which  are  strictly  accidental,  viz.,  produced 
by  introduction  into  the  stomach  of  articles  of  food,  or  beve- 
rages, or  drugs,  the  colouring  principles  of  which  are  absorbed 
into  the  blood,  and  afterwards  discharged  by  the  kidneys  in  • 
the  urine.  The  urine  may  be  very  deeply  tinted  by  the 
colouring  principle  of  coffee,  when  a tolerably  strong  infusion 
of  the  unadulterated  roasted  berry  is  taken  even  in  moderate 
quantity.  The  colouring  matters  of  several  drugs,  such  as 
the  chimaphila  or  pyrola,  haematoxylum,  senna,  rhubarb, 
enter  the  urine  very  readily,  and  a short  time  after  having 

been  taken  into  the  stomach.  Urine  coloured  by  rhubarb 

*• 

is  sometimes  mistaken  for  bilious  urine  (G.  Bird) . The  error 
can  be  at  once  detected  by  the  addition  of  liquor  ammoniae, 
which  converts  the  dark  orange  into  a crimson  colour.  Yogel 
recommends  the  addition  to  the  urine  of  mineral  acids  in 
cases  where  the  presence  of  the  pigments  of  either  rhubarb 
or  senna  is  probable  or  suspected.  The  acids  change  the 
brownish  or  dark-red  colour  into  a bright  yellow;  while 
urrernatine,  if  changed  at  all,  is  rather  darkened  by  their 
influence. 

Black  or  blackish  urine  has  several  times  been  observed 
after  the  internal  use  of  creosote,  and  the  inunction  of  tar 
over  the  whole  surface  of  the  body.  A fuller  account  of  this 
phenomenon  will  be  found  under  Carbolic  Acid. 

The  second  class  of  abnormal  tints  of  the  urine  comprises 
the  pathological  ones.  The  scale  of  tints  is  from  lemon- 
yellow  on  the  one  hand,  and  deep  blue  on  the  other,  through 
all  varieties  of  yellowish-green,  apple- green,  brownish-green, 
red  (blood  colour),  through  brown,  brownish-black,  up  to 
black  of  ink.  The  lemon-yellowr  colour,  sometimes  met  with 
in  cholera,  or  in  spinal  disease,  is  due  to  the  presence  of  an 
excess  of  uroxanthine,  with  deficiency  of  ursematine  (Heller’s 
urophseine) . 

The  blue  colour  may  be  due  to  cyanurine  (uroglaucine), 
which  is  sometimes  the  product  of  the  decomposition  of 
uroxanthine  in  the  ammoniacal  decomposition  of  the  urine 
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in  tlie  bladder,  and  has  been  observed  in  cystitis  and  Bright’s 
disease.  Another  produce  of  the  decomposition  of  uroxan- 
thine  is  urrhodine — a red  substance.  When  uroxanthine  is 
occurring  together  with  uroglaucine,  or  any  other  blue  pig- 
ment, it  forms  a greenish,  apple-  or  grass-green,  or  if  urrho- 
dine prevail,  violet  solution,  with  a variety  of  modifications, 
caused  by  the  admixture,  in  various  proportions,  of  normal 
colouring  matter  or  uraematine. 

The  effects  of  -pur-purine  (G.  Bird;  uroerythrine,  Heller), 
a pathological  product,  which  frequently  indicates  the  presence 
of  serious  pathological  conditions,  are  a red,  rosy,  or  pink 
colour  of  any  sediment  of  uric  acid,  urate  of  ammonia,  or 
urate  of  soda  that  may  occur  in  the  fluid.  The  urates  seem 
to  have  a particular  affinity  for  it.  Purpurine  in  a blue  or 
lemon-yellow  urine  would  produce  the  same  changes  of  colour 
as  urrhodine. 

The  sediments  stained  with  purpurine,  and  the  sediments 
which  the  blue  pigments  usually  form  with  part  of  their  sub- 
stance, and  all  sediments  whatsoever,  must  be  filtered  off 
before  determining  the  colour  of  the  solution. 

A greenish-yellow  or  greenish-brown  urine  indicates  the 
presence  of  the  colouring  principles  of  bile.  I have,  however, 
seen  bilious  urine  voided  by  a gentleman  of  seventy-six,  when 
suffering  under  one  of  his  frequent  attacks  of  the  passage  of 
gall-stones,  which  was  of  the  red  colour  of  Vogel’s  table.  On 
other  occasions  of  the  kind  his  urine  would  be  of  greenish- 
brown  colour;  but  then  he  was  jaundiced,  which  he  was 
not  with  the  red  urine. 

Dark  urine  of  a brownish,  or  brown  porter-like  colour, 
sometimes  like  ink,  more  rarely  of  a blackish- gray  colour,  is 
the  result  of  severe  pathological  action  in  the  body,  and  indi- 
cates a rapid  disintegration  of  the  red  blood-corpuscles,  the 
result  of  which  is  the  appearance  in  the  urine  of  an  abnormal 
pigment,  or  perhaps  several  pigments  at  one  time.  Some- 
times the  pigment  of  dark  or  black  urine  is  coagulable,  thus 
indicating  its  being  dissolved  heematine. 

In  the  following  table  I have  arranged  the  different  tints 
of  urine  in  the  succession  from  light  to  dark.  The  cause  of 
the  colour,  its  shortest  test,  the  concomitant  characters  of  the 
urine,  and  the  general  pathological  indications,  have  been 
entered  in  separate  columns  of  the  table,  which  may  there- 
fore be  useful  as  a guide  to  the  ready  physical  and  chemical 
distinction  of  the  substances  and  conditions  causing  the 
various  colours. 


Table  illustrative  of  the  Tints  of  Urine. 
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ODOUR  AND  TASTE  OF  URINE. 


Odour  of  Urine. 

Healtliv  urine  has  a peculiar  odour,  which  rises  with  the 
vapour  of  water  after  emission.  It  is  almost  indestructible 
by  any  of  the  chemical  processes  usually  applied  to  urine,  and 
therefore  accompanies  the  operator  through  the  whole  course 
of  an  analysis. 

The  odour  is  due  to  the  presence  of  a series  of  volatile 
acids,  which  maybe  obtained  by  distillation  of  large  quantities 
of  urine.  In  this  wray  Stadeler  succeeded  in  proving  the  pre- 
sence in  the  urine  of  man  and  animals  of  phenylic  (or  car- 
bolic), taurylic,  damaluric,  and  damolic  acid.  The  common 
modifications  of  the  smell  of  urine  are  probably  due  to  the 
preponderance  of  one  or  several  of  these  acids. 

Several  articles  of  daily  consumption,  as  coffee,  onions,  and 
garlic,  communicate  to  the  urine  their  peculiar  odour. 
Asparagus  gives  it  a peculiar  odour,  which  is  not  exactly  the 
odour  of  the  stem  when  it  stands  hot  on  our  plate.  Oil  of 
turpentine,  when  taken  internally,  or  breathed  in  any  quan- 
tity, communicates  to  the  urine  a violet  odour.  The  odorife- 
rous principles  of  saffron  and  cubebs  may  easily  be 
distinguished,  when  they  have  been  taken  internally. 

Taste  of  Urine. 

The  taste  of  urine  is  a mixture  of  the  tastes  of  its  consti- 
tuents, of  which  two,  however,  characterise  it — urea  and 
chloride  of  sodium — the  one  imparting  a bitterish  cooling 
flavour,  the  other  its  saline  taste.  The  phospliatic  alkalies 
are  of  a cooling,  weak  saline  taste,  and  so  far  resemble 
the  chloride  of  sodium.  The  odorous  acids  develop  their 
flavour  on  the  tongue  to  great  advantage.  To  taste  urine  is 
more  a matter  of  curiosity  than  of  scientific  value,  as  it  re- 
veals no  fact  from  which  a conclusion  might  he  drawn.  I 
only  record  it  in  compliance  with  the  usage  of  authors.  The 
discovery  of  diabetes  mellitus  was  formerly  made  by  tasting 
only.  This  the  reader  should  consider  before  he  smiles  at  my 
speaking  of  the  taste  of  urine.  In  diabetes  the  taste  of  the 
urine  is  sweet. 


CHEMICAL  REACTION  OF  URINE. 

As  the  chemical  reaction  of  healthy  urine  is  acid,  any  devia- 
tion from  this  condition  becomes  at  once  an  anomaly.  It  has 
been  ascertained  that  the  neutral  or  alkaline  condition  is  due 
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not  so  much  to  the  absolute  absence  of  the  acid,  as  to  its 
neutralization  by  bases ; the  nature  of  the  latter,  and  their 
origin,  determine  whether  the  neutral  or  alkaline  state  be 
within  the  limits  of  health,  or  a symptom  of  disease,  or  a 
disease  per  se. 

It  is  most  probable  that  the  acid  reaction  is  due  to  the 
presence  of  acid  salts,  such  as  the  phosphates  and  sulphates 
of  potash  and  soda,  the  acid  urates  and  hippurates,  and  acci- 
dentally to  free  organic  acids,  such  as  the  oxalic,  malic,  and 
tartaric  (Buchheim,  Wohler),  and  their  acid  salts. 

Regarding  the  physiological  processes  which  produce  the 
ordinary  acid  reaction  much  remains  to  be  determined  by 
observation.  Dr.  Bence  Jones1  has  made  it  probable  that 
the  amount  of  acidity  in  the  urine  stands  in  an  inverse  pro- 
portion to  the  amount  of  acid  secreted  by  the  stomach  during 
digestion.  In  his  analyses  the  quantity  of  free  acid  has  been 
calculated  for  1000  parts  of  urine,  and  not  for  the  urine 
secreted  in  a given  time.  It  is  for  this  reason  that  Vogel 
objects  to  relying  upon  the  conclusions  drawn  therefrom.  The 
quantities  of  free  acid  discharged  per  hour  in  every  hour  of 
the  twenty-four  ought  to  be  the  standard  round  which  to 
rally  such  examinations.  As  the  result  of  his  own  researches, 
and  those  of  others  working  under  his  guidance,  Vogel  ascer- 
tained that  the  highest  amount  of  acid  discharged  with  the 
urine  per  hour  occurred  during  the  night,  the  lowest  in  the 
forenoon,  and  the  medium  amount  in  the  afternoon,  being 
after  the  dinner  of  the  operators. 

The  degree  of  acidity  of  healthy  and  pathological  urine  can 
he  determined  by  an  easy  volumetrical  process,  of  which  the 
details  are  given  in  a subsequent  chapter. 

The  neutral  state  or  alkalinity  of  the  urine  is  the  conse- 
quence of  the  admixture  of  fixed  or  volatile  alkalies.  Before 
speaking  of  the  circumstances,  however,  under  which  neutral 
or  alkaline  urine  may  be  discharged  from  the  bladder,  we 
must  advert  to  the  fact  that  urine,  which  when  passed  was 
acid,  may  soon  become  alkaline  under  the  influence  of  decom- 
position of  urea.  This  conversion  is  sometimes  effected 
within  an  hour  after  emission  (G.  Bird) . It  must  he  con- 
sidered as  an  essentially  morbid  feature,  because  normal  urine, 
though  it  almost  always  becomes  alkaline  during  its  decom- 
position, yet  does  not  do  so  within  the  first  twenty-four  hours 
after  its  emission. 

But  the  alkaline  decomposition  of  even  healthy  urine  may 


l ‘Animal  Chemistry,’  London,  1850,  j>.  41. 
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CHEMICAL  REACTION  OF  URINE. 


be  favoured  by  certain  circumstances  requiring  the  most 
scrupulous  attention  of  the  practitioner,  the  neglect  of  which 
will  make  him  liable  to  grave  mistakes.  Urine  which  is 
already  in  a state  of  alkaline  decomposition,  when  added 
even  in  small  quantity  to  healthy  urine,  will,  like  a ferment, 
induce  and  hasten  the  decomposition  of  the  normal  fluid. 
The  vessels,  therefore,  in  which  the  urine  is  collected,  must  be 
washed  and  scalded  with  great  care ; otherwise  the  small 
quantities  of  decomposing  urine  adhering  to  their  walls  may 
induce  fallacious  conditions  of  the  fluid  collected. 

There  are  other  circumstances  which  may  make  the  acid 
urine  alkaline  in  a shorter  period  than  usual.  Such  are  the 
presence  of  mucus  and  pus,  which  undoubtedly  play  the 
part  of  a ferment  in  many  cases.  This  may  be  proved  by 
dividing  a specimen  of  acid  urine  into  two  parts,  filtering  the 
one  immediately,  leaving  the  other  as  it  is,  and  letting  both 
stand  side  by  side.  The  filtered  urine  will  often  present  its 
original  acid  reaction,  when  the  portion  which  has  not 
been  filtered  is  already  alkaline.  I have  found  that  de- 
canting the  clear  fluid  from  the  settled  cloud  of  mucus  serves 
the  same  purpose. 

High  temperature  and  great  dilution  favour  the  process  of 
decomposition.  A concentrated  acid  urine  of  fever,  on  the 
contrary,  of  a specific  gravity  of  1025,  containing  much 
urea,  will,  when  decanted  from  the  deposits,  retain  for  days, 
if  not  its  entire  character,  certainly  its  acid  reaction  and  its 
ordinary  appearance. 

Though  a certain  amount  of  ammonia,  in  combination 
with  acids,  is  present  in  all  healthy  urine,  yet  that  quantity 
is  never  sufficient  to  produce  an  alkaline  reaction.  When 
ammonia  produces  the  neutral  or  alkaline  reaction,  as  it 
always  and  exclusively  does  when  the  alkalinity  has  super- 
vened after  emission,  it  is  the  product  of  the  decomposition 
of  urea  into  ammonia  and  carbonic  acid.  To  undergo  this 
conversion,  one  equivalent  of  urea  combines  with  two  equiva- 
lents of  water,  and  then  separates  into  two  equivalents  of 
carbonate  of  ammonia ; thus  : 

C2  H4  N2  02  + 2 HO  = 2 (NH3  + C02 

1 ^ ' 

1 equiv.  of  urea.  2 equiv.  of  carbonate  of  ammonia. 

Having  now  ascertained  the  causes  of  alkaline  changes 
occurring  in  the  urine  after  emission,  we  are  the  better  pre- 
pared to  appreciate  the  processes  by  which  the  urine  may 
become  alkaline  before  emission.  We  have  already  remarked 
that  this  may  be  effected  by  volatile  or  by  fixed  alkalies ; and 
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accordingly  alkaline  urines  may  be  divided  into  two  great 
groups.  The  alkalinity  of  the  first  group  is  always  due  to 
the  presence  of  carbonate  of  ammonia  from  the  decomposition 
of  urea  in  the  urinary  passages,  particularly  the  bladder, 
after  its  secretion  from  the  kidneys.  This  may  be  taken  as 
the  general  rule ; though  it  is  possible,  but  not  proved,  that 
in  uraemia,  and  some  other  diseases,  or  when  taken  inter- 
nally as  a medicine,  carbonate  of  ammonia  may  be  discharged 
from  the  blood  by  the  kidneys.  Carbonate  of  ammonia  re- 
stores the  blue  colour  to  reddened  litmus  paper,1  but,  as  it 
evaporates  on  drying,  its  neutralizing  influence  disappears  on 
the  dried  test-paper,  which  therefore  again  becomes  red.  The 
fixed  alkalies,  on  the  contrary,  impart  a permanent  blue 
colour  to  red  test-paper.  Both  descriptions  of  alkaline 
urine  effervesce  with  acids,  and  froth  or  lather  when  con- 
taining albumen. 

The  alkaline  decomposition  of  urine  in  the  urinary  passages, 
particularly  the  bladder,  may  be  referred  to  a series  of  causes, 
all  of  which  have  one  effect  in  common,  namely,  that  of  pre- 
venting the  complete  emptying  of  the  bladder  at  one  time.  A 
part  of  the  otherwise  healthy  urine  being  thus  retained  longer 
than  it  can  resist  alkaline  decomposition  under  ordinary 
circumstances,  acts  as  a ferment  on  all  urine  subsequently 
entering  the  bladder.  Upon  this  point,  the  experiments  and 
arguments  of  Dr.  Snow 2 are  quite  conclusive.  About  half  a 

1 The  requirements  for  test-paper  are  a thin  layer  of  colour,  on  a thick, 
substantial,  pure,  non-bibulous  paper.  Bibulous  test-paper  is  bad,  because  it 
contains  too  large  an  amount  of  colour,  and  hence  is  not  delicate  for  weak 
solutions. 

The  colour  of  what  may  be  called  neutral  litmus  is  violet.  It  indicates  acidity 
by  becoming  more  or  quite  red,  and  alkalinity  by  becoming  intensely  blue. 
Vogel  prepares  it  by  exposing  a watery  infusion  of  litmus  to  the  influence  of  the 
air,  until  the  commencing  acid  fermentation  of  the  fluid  has  imparted  to  it  the 
violet  hue.  With  this  tincture  he  stains  strongly  sized  paper,  and  dries  it  in  the 
shade. 

The  article  now  commonly  sold  for  neutral  test-paper  is,  however,  not  violet, 
but  red,  becoming  of  a lighter  red  under  the  influence  of  acid,  and  blue  under 
that  of  alkali.  This  paper  is  very  good  for  testing  for  alkali ; but  does  not 
generally  indicate  weak  acids.  It  is  wrell  known  in  optics,  how  difficult  it  is  to 
distinguish  between  the  different  gradations  of  one  and  the  same  tint,  if  they  are 
lying  near  together:  e.  g.,  to  say  that  one  red  is  more  or  less  red  than  another. 
But  the  slightest  hue  of  blue  beside  red  is  easily  distinguished  To  redden  the 
paper,  however  slightly,  beyond  the  violet,  spoils  its  delicacy  for  acids  ; on  the 
other  hand,  the  perfectly  red  paper  is  the  most  delicate  for  alkalies. 

However  desirable  it  may  be  to  have  one  paper  indicate  either  acidity  or 
alkalinity,  the  attempts  to  make  a neutral  paper  remind  one  of  the  popular 
saying,  that  it  is  impossible  to  make  the  state-coach  serve  the  purposes  of  a 
privy,  without  making  it  inconvenient  for  both  destinations. 

2 Some  Remarks  on  Alkalescent  Urine  and  Phosphatic  Calculi,  ‘London 
Medical  Gazette,’  Nov.  20,  1846. 
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pint  of  newly  voided  urine  was  put  into  a glass  vessel  which 
terminated  at  the  lower  part  in  a tube  of  minute  calibre, 
through  which  it  dropped  into  a glass  jar  below,  at  the  rate 
of  about  twelve  drops  in  a minute,  which  is  about  an  ounce 
and  a half  in  an  hour,  that  being  not  far  from  the  quantity 
usually  passing  into  the  bladder  from  the  ureters.  The 
vessels  were  kept  near  the  fire  at  the  temperature  of  100° 
F.  (3 7‘7°  C.)  At  the  end  of  six  or  eight  hours,  when  the 
urine  had  all  dropped  into  the  lower  vessel,  it  was  emptied, 
all  but  about  thirty  drops,  and  the  upper  glass,  which  served 
as  a funnel,  again  replenished.  It  was  found  that  the  urine 
in  the  lower  vessel  became  decomposed  generally  in  about 
twenty-four  hours, — in  about  the  same  time,  in  short,  as 
urine  preserved  at  the  same  temperature  from  the  beginning 
of  the  experiment,  the  time  varying  according  to  the  quality 
of  the  urine.  It  generally  became  quite  fetid  in  two  or  three 
days,  at  all  events  highly  alkalescent,  and  remained  so  as 
long  as  the  experiment  was  continued;  it  was  always  fresh 
and  acid  in  the  upper  vessel,  provided  this  was  washed  out 
occasionally ; and  was  always  decomposed  in  the  lower  one, 
although  the  urine,  except  a small  fraction  of  it,  was  of  the 
same  age  in  both. 

Among  the  causes  which  may  prevent  the  complete  empty- 
ing of  the  bladder,  and  produce  alkaline,  i.  e.,  ammoniacal 
urine,  foreign  bodies  in  the  bladder  claim  our  attention. 
“ One  of  the  symptoms  of  their  presence  is  the  occasional 
sudden  stoppage  of  the  stream  of  urine  before  the  bladder  is 
emptied ; in  addition  to  this,  it  is  evident  that  the  bladder 
can  seldom  contract  around  a foreign  body  so  exactly  as 
completely  to  expel  all  the  urine;  and,  moreover,  calculi, 
and  nearly  all  other  foreign  bodies  which  gain  admittance  to 
the  bladder,  are  porous,  and  contain  urine  imprisoned  in  their 
pores ; accordingly,  it  is  a general  law,  with  extremely  few 
exceptions,  that  foreign  bodies  in  the  bladder  become  incrusted 
with  the  earthy  phosphates/’  (Snow.)  A catheter,  which  is 
left  in  the  urethra  and  bladder  for  some  days,  has  soon  the 
effect  of  foreign  bodies,  and  makes  the  urine  ammoniacal  and 
phospliatic,  by  allowing  a small  quantity  of  urine  to  remain 
in  the  bladder.  Enlargement  of  the  prostate  and  stricture 
of  the  urethra  act  in  a similar  way.  Ammoniacal  urine  is 
the  almost  invariable  result  of  weakness,  partial  or  total 
paralysis  of  the  bladder,  more  strictly  of  the  detrusor  urinae, 
such  as  occurs  in  paraplegia  and  spinal  diseases  and  injuries,  in 
the  decrepitude  of  extreme  old  age,  and  comatose  conditions 
in  the  course  of  certain  diseases,  such  as  typhus.  (Simon.) 

It  is  probable  that  the  inflamed  condition  of  the  mucous 
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membrane  of  the  bladder,  which  we  mostly  observe  along 
with  ammoniacal  urine,  is  the  consequence  of  this  condition 
of  the  urine.  If  ammoniacal  urine  acts  as  a caustic  upon  the 
epidermis  and  cutis,  causing  excoriations  and  extensive  sore- 
ness, how  much  more  liable  must  the  mucous  membrane  of 
the  bladder  be  to  similar  affections ! The  alkaline  urine 
causes  positive  ulceration  on  the  mucous  membrane  in  cases 
of  extroversion  of  the  bladder,  on  the  enlarged  uterus  in  cases 
of  prolapse, — nothing  is  then  more  natural,  than  that  the 
offended  surface  of  the  cavity  of  the  bladder  should,  for  its 
protection,  first  pour  out  a large  quantity  of  mucus,  and 
when  the  cause  continue  for  a length  of  time,  pass  into  a 
state  of  chronic  inflammation,  with  croupy  exudations,  at- 
tended by  great  misery. 

In  very  few  cases  the  mere  presence  of  a calculus  or  foreign 
body  in  the  bladder  causes  inflammation  of  itself,  it  mostly 
requires  the  presence  of  ammoniacal  urine.  The  symptoms 
of  a calculus  not  attended  by  ammoniacal  urine  are  far  less 
severe  than  those  of  a concretion  accompanied  by  such  urine ; 
and  in  many  cases  the  presence  of  a calculus  in  the  bladder 
is  neither  observed  nor  suspected  before  the  appearance  of 
ammoniacal  urine  and  its  attendant  suffering,  which,  from 
the  beginning  of  the  phospliatic  incrustation,  can  be  shown 
to  have  taken  place  only  at  a time  when  the  calculus  had 
already  attained  a considerable  size. 

We  must  here  mention  two  more  conditions  in  which 
the  partial  retention  of  urine  may  cause  ammoniacal  urine 
and  its  consequences.  The  one  is  a so-called  sacculated 
bladder,  or  rupture  of  the  mucous  membrane  protruding 
through  the  muscular  coat.  The  other  occurs  in  insane 
persons,  who  have  a tendency  to  retain  their  excretions  as 
long  as  possible.  When  forced  to  pass  water,  either  by 
natural  necessity  or  by  attendants,  they  will  only  allow  the 
passage  of  a part,  retaining  another.  In  one  such  case,  I 
could  frequently  observe  the  urine  become  ammoniacal  fifty 
hours  after  the  beginning  of  the  paroxysm.  The  researches 
of  Drs.  Rigby  and  Sutherland  show,  that  this  condition  is 
frequent  among  the  inmates  of  lunatic  asylums. 

The  most  efficacious  treatment  of  all  cases  of  ammoniacal 
urine  is  the  washing  out  of  the  bladder  with  warm  water  by 
means  of  a syringe  and  double  canula.  In  all  cases  where 
the  operation  has  been  carried  out  properly,  the  urine  imme- 
diately loses  its  ammoniacal  condition,  and  in  most  cases  is 
clear  and  acid,  thus  proving  the  correctness  of  the  above 
views  by  demonstration. 

In  manv  cases  of  acute  total  retention,  the  urine  does  not 
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become  ammoniacal,  but  becoming  concentrated  by  the  ab- 
sorption of  water,  remains  acid,  but  forms  deposits  of  various 
kinds.  These  cases  have  evidently  no  analogy  with  those  of 
partial  retention,  and  can  therefore  not  tell  against  the  views 
here  adopted. 

Ammoniacal  urine  is  always  fetid,  pale,  and  turbid,  from 
the  precipitation  of  triple  phosphate  and  phosphate  of  lime. 
The  smell,  and  the  presence  of  the  crystals  of  ammonio- 
phosphate  of  magnesia,  easily  distinguish  it  from  urine  which 
is  only  turbid  by  alkalinity  from  fixed  alkali,  and  contains  a 
precipitate  of  phosphate  of  lime,  or  phosphate  of  lime  and 
magnesia.  Urine  which  is  alkaline  from  the  presence  of 
bicarbonates  (after  Vichy  water)  is  mostly  clear,  the  earthy 
phosphates  being  soluble  in  the  second  equivalent  of  carbonic 
acid,  which  easily  separates  from  the  carbonate. 

W e have  thus  advanced  to  the  consideration  of  that  group 
of  alkaline  urines  which  impart  to  red  test-paper  a permanent 
blue  colour,  showing  that  they  are  produced  by  fixed  alkalies. 
When  the  alkali  is  present  in  quantity  sufficient  only  to 
neutralize  the  free  acid  of  the  urine,  then  the  latter  exerts  no 
influence  upon  any  test-paper;  it  is  neutral.  But  it  must  be 
borne  in  mind  that  the  reaction  of  healthy  urine  being  acid, 
neutrality  of  the  fluid  in  itself  denotes  alkalinity. 

While,  on  the  one  hand,  the  presence  of  volatile  alkalies  in 
the  urine  is  always  pathological,  the  alkalinity  from  fixed 
alkalies  on  the  other  hand,  though  it  may  be,  and  in  many 
cases  is  of  a morbid  nature,  occurs  more  frequently  within 
the  range  of  perfect  health.  Certain  descriptions  of  vegetable 
food,  such  as  apples,  lemon-juice,  and  a series  of  acid  fruits, 
make  the  urine  alkaline  in  a very  short  time.  Dr.  Bence 
Jones  found  that  120  grains  of  the  dry  tartrate  of  potash, 
dissolved  in  four  ounces  of  water,  made  the  urine  alkaline 
after  thirty-five  minutes.  The  alkalinity  had  disappeared 
after  two  hours.  A gentleman  ate  an  apple  for  experiment, 
and  found  his  urine  alkaline  in  less  than  an  hour.  The 
acetates,  tartrates,  citrates,  and  malates,  in  fact  the  salts  of 
many  of  the  organic  acids,  are,  by  the  oxydizing  influence  of 
the  chemistry  of  the  body,  converted  into  the  carbonates  of 
their  respective  bases,  and  being  as  such  discharged  with  the 
urine,  give  it  their  characteristic  reaction.  It  is  for  this 
reason,  and  some  others,  that  the  urine  of  lierbivora  is  always 
alkaline. 

In  man  this  description  of  alkalinity,  which  may  occur  for 
hours  or  days,  or  at  a certain  time  after  meals,  is  of  no 
practical  importance.  It  becomes  so,  however,  when  it  is  the 
consequence  of  the  use,  as  medicines,  of  the  caustic  alkalies, 
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soda  and  potash,1  and  of  the  earths,  magnesia  and  lime,  or 
their  carbonates.  This  artificial  disease  not  unfrequently 
occurs  when  patients  to  whom  alkaline  remedies  have  been 
prescribed  by  their  medical  advisers,  continue  to  take  them 
on  their  own  account  for  an  unreasonable  length  of  time. 

I have  already  stated  that  the  neutral  or  alkaline  condition 
is  of  frequent  occurrence  with  the  pale  urine  discharged  in 
anaemic  conditions.  Of  the  reason  of  the  alkaline  reaction  in 
these  cases  we  can  as  yet  give  no  satisfactory  account.  But 
it  seems  probable  that  the  depression  of  the  organism  in 
these  cases,  accompanied  as  it  is  by  faulty  nutrition  of  the 
muscular  and  nervous  systems,  does  not  allow  of  the  accom- 
plishment of  that  chemical  process,  by  the  completion  of 
which,  in  health,  acid  combinations  are  discharged  from  the 
tissues  and  blood.  It  is  in  this  direction  that  we  may  have 
to  search  for  the  truth.  Meantime,  we  may  safely  adopt  the 
empirical,  but  highly  practical  doctrine  of  Rademacher,2  which 
Vogel3  himself  adopts,  admitting  its  merit ; namely,  that  a 
constantly  alkaline  (and  let  me  add,  constantly  pale)  urine 
requires  the  employment  of  tonics,  particularly  iron. 

The  continuance  of  the  alkalinity  of  urine  from  any  cause, 
hut  particularly  from  alkaline  fermentation  and  the  mal- 
administration of  fixed  alkalies,  for  any  length  of  time,  is  to 
be  considered  a serious  matter.  For  the  phosphates  of  mag- 
nesia and  lime,  being  precipitated,  and  'mixing  with  the 
increased  amount  of  mucus,  may  at  any  time,  and  unawares, 
form  a stone,  with  all  its  consequences;  or  the  turbid  and 
caustic  condition  of  the  urine  may  give  rise  to  diseased  states 
of  the  bladder,  which  it  is  afterwards  frequently  a matter  of 
great  difficulty  to  remove. 

Table  showing  the  Substances  which  cause  the  Reaction  of 
Urine  expelled  from  the  Bladder. 

A.  Acid  Reaction  : imparting  a permanently  red  colour  to 
litmus  paper.  Common  in  health  : due  to — 


Free  acids, 
a.  Oxalic 
(3.  Malic 
Tartaric 


7- 

8. 

e. 

K. 

ri- 

Sr 


^ acids,  and  their  acid  salts,  when  taken  in  large  and  re- 


peated doses.  (Buchheim.) 

Free  acid  (nature  unknown). 

Phenvlic  acid 
Tatirylic  acid 
Damaluric  acid 
Damolic  acid 


> questionable. 


1 See  ‘ Fatty  T amours  : action  of  Liquor  Potassm.’  Letter  from  Dr.  Thudichum, 
‘ British  Medical  Journal,’  Aug.  15,  1857,  p.  702. 

2 ‘ Rechtfertigung  der  verstandesrechten  Erfahrungsheillehre,’  2d  ed.,  vol.  ii, 
p.  211,  et  seq. 

3 Loc.  cit.,  p.  177. 
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b.  Acid  salts. 

a.  Phosphates 
j3.  Sulphates 
v.  Urates  (acid) 
c.  Hippurates 


j>of  alkalies. 


c.  Neutral  salt  with  acid  reaction. 


a.  Chloride  of  ammonium  (questionable). 


B.  Neutral  or  Alkaline  Ueaction  : occurring  in  health 
occasionally,  more  frequently  in  disease  : due  to — 

a.  Fixed  alkali,  imparting  a permanently  blue  colour  to  red  litmus  paper. 

a.  Carbonates  of  the  alkalies,  potash  and  soda,  derived  from  the  salts 
of  organic  acids — acetates,  citrates,  tartrates,  malates,  lactates, 
&c. ; or  introduced  directly,  e.  g.,  in  mineral  waters  of  Vichy, 
Aix-la-Chapelle. 

j8.  Carbonates  of  the  earths,  lime  and  magnesia. 

y.  Pus,  blood,  and  serum. 

b.  Volatile  alkali — ammonia;  carbonate  of  ammonia,  from  decomposition  of 

urea,  being  a result  of — 

a.  Uraemia  (questionable). 

/3.  Retention  of  urine,  caused  by  weakness,  or  paralysis  of  bladder, 
or  by  obstruction  to  discharge  of  urine,  as  from  enlarged  prostate  : 
the  ferment  being  mucus,  or  a retained  portion  of  the  already 
fermented  urine. 

y.  Decomposition  of  urea,  under  the  influence  of  a continued  discharge 
of  fixed  alkalies  by  the  urine. 

c.  Deficiency  of  phosphoric  and  sulphuric  acids,  in  alkalinity  or  neutrality 

of  pale  urine,  occurring  in  anaemic  conditions. 


CHANGES  ON  COOLING. 

In  colour  the  urine  becomes  a trifle  darker  on  cooling ; its 
peculiar  smell  becomes  very  weak,  partly  because  it  does  not 
evaporate  any  longer  with  the  vapour  of  water,  partly  because 
there  is  less  of  it. 

The  epitlielia  collect  in  masses  and  clouds  towards  the 
bottom  of  the  vessel,  leaving  the  supernatant  fluid  perfectly 
clear  and  transparent. 

If  the  urine  have  been  concentrated  and  dark,  it  will  fre- 
quently deposit  a reddish  crust  against  the  walls  of  the  vessel 
containing  it.  This  crust,  and  the  pulverulent  deposits  of 
urates,  which  are  formed  at  different  stages  of  the  process  of 
cooling,  may  occur  in  persons  enjoying  apparently  perfect 
health. 

As  a general  rule,  it  may  be  said  that  the  more  coloured  a 
deposit  of  urates  is,  the  longer  time  has  it  required  for  its 
formation.  A lady  having  lost  her  child,  was  obliged  to 
retain  the  milk  in  her  breasts.  When  the  painful  swelling 
of  the  bosom  had  ceased,  she  discharged  urine,  which,  on 
touching  the  vessel  in  which  it  was  received,  became  white 
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like  milk,  and  was  brought  to  me  as  milk.  When  only  a 
small  quantity  was  passed,  the  milk-like  condition  was  at 
once  apparent ; the  vessel  withdrawing  a sufficient  amount 
of  warmth  from  the  urine  to  precipitate  the  urate.  But 
when  a larger  quantity  was  passed,  the  first  portion  made  a 
precipitate,  which  was  redissolved  as  the  larger  portion  was 
added.  Ten  minutes,  however,  were  sufficient  to  make  the 
precipitate  appear,  which  consisted  of  snowy-white  urate  of 
ammonia.  Dark-coloured  urines  mostly  throw  down  the 
urates  after  standing  during  some  time.  In  a case  of  heart- 
disease  with  dropsy,  the  brownish-red  urate  only  fell  after 
twenty-four  hours ; in  a case  of  colic,  only  after  twelve  hours. 
In  these  three  cases  the  temperature  could  not  have  been  the 
only  influence  exerted  upon  the  urine,  because  in  each  case 
the  urine  must  have  been  of  the  temperature  of  the  air  long 
before  the  deposit  fell,  and  in  the  first  case  the  deposit  fell 
before  the  urine  was  of  the  temperature  of  the  (warmed) 
room. 

In  some  few  cases  the  urine  may  become  alkaline  during 
the  process  of  cooling  {vide  p.  9) . 

If  sediments  are  discharged  with  or  formed  in  the  urine 
they  subside  towards  the  bottom  of  the  vessel.  Among  the 
sediments,  besides  mucus,  the  urates,  uric  acid,  and  the  oxa- 
late of  lime  are  most  common.  Most  other  deposits  are  due 
to  the  decomposition  of  urine,  and  of  the  urates  in  some  cases. 
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CHAPTER  IT. 


QUANTITY  OF  URINE  AND  INGREDIENTS. 


MODES  OF  COLLECTING  THE  URINE. 

To  collect  urine  is  not  an  easy  task;  and  requires  great 
attention.  The  requirements  are  to  collect  the  whole  of  the 
urine  without  losing  any  portion;  and  to  collect  it  in  such  a 
manner  as  to  preserve  its  purity.  It  is  essential  to  keep  all 
vessels  used  for  the  purpose  scrupulously  clean,  and  to  wash 
and  scald  them  at  least  once  a day.  If  practising  among  the 
poor,  the  physician  will  find  it  necessary  to  order  that  the 
chamber-vessel  be  kept  covered  when  not  used,  in  order  to 
protect  the  urine  from  the  admixture  of  dirt  and  rubbish 
falling  from  the  patient’s  bed.  In  many  diseases  it  is  de- 
sirable to  collect  in  separate  vessels  the  several  portions  of 
urine  passed  at  different  times  of  the  day  and  night.  Several 
small  pots  will  best  suit  this  purpose. 

In  hospitals  and  other  public  institutions  a very  convenient 
form  of  glass  is  in  use.  The  glass  consists  of  a flat  body 
which  easily  lies  on  its  bottom,  a turned-up  narrow  neck, 
and  a mouth  fitted  to  the  requirements  of  the  sex.  For  men 
it  is  therefore  funnel-shaped ; for  women  the  funnel  is  made 
ellipsoidal,  so  as  to  receive  the  vulva. 

If  the  urinals  described  were  combined  with  a pan  of  a 
suitable  construction,  the  urine  might  be  collected  in  a most 
easy  manner.  The  pan  requires  only  to  have  such  a gap  in 
its  front  border  and  Avail  as  will  admit  the  neck  of  the  urinal 
standing  in  front  of  it.  In  men,  the  penis  will  lie  easily  in 
the  neck  of  the  urinal ; and  if  women  take  the  trouble  of 
sitting  a little  closely  on  the  oval  funnel  of  the  urinal,  not  a 
drop  of  urine  can  possibly  be  lost. 
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These  glasses  should  be  graduated  upon  at  least  50  c.e. 
every  division,  of  which  there  ought  to  be  40,  equal  to  a 
measure  on  the  whole  of  2000  c.e.  Graduation  upon  single 
fluid  ounces  up  to  fifty  or  sixty  serves  the  same  purpose. 
The  physician  on  coming  to  the  bedside  would  then  be 
enabled  to  inform  himself  by  a glance  of  the  total  quantity 
of  urine  collected ; and,  if  none  were  lost,  of  the  'whole  bulk 
discharged. 

In  some  hospitals  the  ancient  urinal  is  still  in  use  ; its  only 
advantage  over  the  ordinary  vessel  is  its  being  made  of  glass ; 
its  shape  is  much  less  convenient  than  that  of  the  glasses 
described  above,  which  admit  of  the  discharge  of  urine  in 
the  recumbent  or  any  other  posture. 

In  many  cases  the  difficulties  in  the  'way  of  collecting  the 
whole  of  the  urine  discharged  in  twenty-four  hours  are  very 
great.  Any  one  of  my  readers  will  easily  find  them  out  by 
trial  upon  himself ; with  women  and  children  they  are  still 
greater.  Unless  a special  apparatus  be  employed,  a certain 
loss  at  every  motion  is  nearly  unavoidable.  To  empty  the 
bladder  when  the  rectum  is  pressing  is  difficult,  and  fre- 
quently impossible,  or  interferes  with  the  function  of  the 
bowel,  and  then  becomes  injurious  to  health.  But  the  quan- 
tities so  lost  are  very  small  indeed  when  compared  with  the 
total  collected  by  all  available  means,  and  may  safely  be 
made  up  for  by  an  estimate. 

The  matter  becomes  more  embarrassing  in  cases  of  severe 
illness,  where,  unfortunately,  with  the  importance  of  the 
indications  to  be  derived  from  the  quantity  and  quality  of  the 
urine,  the  obstacles  to  a complete  collection  become  greater. 
Patients  in  a delirious,  or  unconscious,  or  paralysed  state  will 
retain  or  pass  unconsciously  a part  or  the  whole  of  their  renal 
and  alvine  excretions.  Here  we  must  estimate  the  losses 
from  known  and  collected  quantities  in  proportion  to  time 
and  from  the  evidence  to  be  derived  from  inspection.  Allow- 
ing 20  per  cent,  for  error  in  the  estimate,  the  known  quanti- 
ties will  reduce  this  error  to  10  or  5 for  the  whole  amount 
in  the  worst  cases. 

In  this  manner  the  practical  man  may  obtain  the  nearest 
possible  approach  to  truthful  observation.  Unless,  however, 
all  the  cautions  are  employed,  we  would  strongly  recommend 
that  too  nice  conclusions  should  not  be  based  upon  such 
incomplete  observations,  though  they  even  give  to  the  think- 
ing practitioner  points  of  evidence  to  which  he  may  append 
his  reflections,  and  which  may  be  taken  into  account  in 
forming  the  prognosis  of  a case,  or  in  tracing  out  a plan  for 
therapeutical  proceedings. 
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TOTAL  QUANTITY  OF  URINE  DISCHARGED  IN  A GIVEN  TIME. 

Any  attempt  to  make  a quantitative  analysis  of  the  urine 
for  the  purposes  of  physiological  or  pathological  research 
must  be  based  upon  the  knowledge  of  the  total  amount  of 
urine  discharged  in  a given  time.  It  is  the  neglect  of  this 
point  which  makes  all  analyses  useless  which  are  calculated 
upon  thousand  parts  of  urine;,  regardless  of  the  time  in  which 
it  was  passed.  Hence  we  must,  though  with  regret,  exclude 
from  consideration,  by  this  sweeping  objection,  the  vast 
number  of  analyses  made  and  published  till  within  a period 
of  three  or  four  years  ago.  And  not  only  on  this  ground  are 
these  analyses  excluded,  but  the  want  of  accuracy  in  the 
methods  makes  them  so  much  lost  labour.  Some  authors, 
though  perfectly  well  aware  that  in  all  cases  where  any  ap- 
proach to  accuracy  in  the  determination  of  the  specific 
gravity  is  required,  an  average  sample  from  the  urine  passed 
in  twenty-four  hours  into  the  same  vessel  must  be  selected, 
—have  yet  formed  no  settled  idea  of  the  necessity  of  know- 
ing the  whole  amount  of  urine  discharged  during  the  tAventy- 
four  hours.  It  could  have  been  only  by  losing  sight  of  this 
point  that  they  recommended  the  determination  of  the 
average  density  of  the  urine  from  the  density  of  a mixture 
of  the  urine  passed  immediately  before  going  to  bed,  and  of 
that  voided  on  rising  in  the  morning.  But  of  what  use  is 
it  to  knoAv  density  at  all,  if  from  the  density  we  cannot  cal- 
culate the  Avhole  of  the  solids  discharged  in  a given  time  ? 
For  this  we  must  know  the  whole  amount  of  urine. 

We  may  either  collect  the  Avhole  bulk  of  urine  passed  in 
twenty-four  hours,  or  in  every  single  hour,  or  in  as  many 
portions  of  the  tAventy-four  hours  as  convenient.  But 
it  should  always  be  expressed  in  a value  calculated  upon  the 
twenty-four  hours,  or  upon  every  single  hour.  In  many 
chronic  and  acute  diseases  we  must  collect  and  analyse  the 
urine  for  several  days  in  succession,  in  order  to  arrive  at  a 
correct  conclusion  upon  the  average  condition. 

The  amount  of  urine  is  best  determined  by  measuring  in 
the  graduated  urinals ; or,  if  more  accuracy  is  desirable,  in 
high  graduated  cylinders  of  a capacity  varying  from  500  c.c. 
to  2000  c.c.,  or  from  10  to  50  fluid  ounces.  The  large 
cylinders  have  marks  for  every  10  c.c.,  and  a practised  eye 
will  easily  estimate  one  fourth  of  a division ; it  is,  therefore, 
possible  to  determine  the  entire  quantity  to  within  25  c.c. 
in  a very  short  time.  The  small  cylinders.  AArhich  are  to  serve 
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for  measuring  the  quantities  of  urine  of  a shorter  period, 
say  one  hour,  should  he  divided  into  single  cubic  centimetres, 
or  into  fluid  drachms. 

Both  descriptions  of  cylinders  must  be  provided  with  lips 
for  pouring  out  their  contents.  Their  upper  borders  must  be 
ground  in  an  horizontal  plane,  so  that  a glass  disc,  with  the 
assistance  of  a little  tallow,  will  make  an  air-  and  water-tight 
cover,  and  prevent  all  loss  by  evaporation.  The  foot  of  the 
cylinder  must  be  ground  so  correctly  that  the  vessel  may  be 
perfectly  perpendicular  when  standing  on  a horizontal  plane. 
If  the  latter  is  not  at  hand,  a tripod  or  disc  with  elevating 
screws  and  two  spirit  levels  will  be  the  easy  means  of  placing 
the  cylinders  in  a perfectly  horizontal  position.  These  tripods 
are  easily  obtained,  as  they  are  now  commonly  used  in  pho- 
tography. 

If  it  is  desirable  to  know  the  weight  of  a certain  bulk  of 
urine,  it  is  only  necessary  to  multiply  the  number  of  cubic 
centimetres  found  by  measure  into  the  figure  expressing 
the  specific  gravity ; the  result  will  give'  the  quantity  in 
grammes,  thus — 

1000  c.c.  x 1"025  (spec,  gr.)  = 1025  grammes. 

250  c.c.  x 1-021  „ = 255-25  „ 


QUANTITY  OF  URINE  DISCHARGED  IN  HEALTH. 

In  valuing  the  physiological  effects  of  the  variations  of  the 
discharge  of  urine,  the  fact  must  always  be  borne  in  mind 
that  the  water  discharged  in  the  urine  is  only  a part  of  the 
water  excreted  by  the  whole  body.  According  to  our  best 
estimates,  one  half  of  all  the  water  ingested  into  the  body 
goes  away  by  the  kidneys ; the  other  half  by  the  lungs,  the 
skin,  and  the  feces  together. 

I have  considered  it  useful  to  add  some  observations  on 
the  total  quantity  of  urine  discharged  by  healthy  individuals, 
to  the  observations  already  existing.  They  were  made  upon 
two  individuals ; the  one,  A,  a man  twenty-eight  years  of 
age,  and  weighing  70  kilogrammes ; the  other,  B,  a man 
twenty-eight  years  of  age,  and  weighing  72  kilogrammes. 
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A,  cet.  28,  weighed  70  kilogrammes.  Quantities  of  urine  from 
J2  midnight  to  12  midnight,  twenty -four  hours  each. 


The  figures  designate  cubic  centimetres. 


Nov.  10.  2014 

1654 

Dec.  29.  2250 

Jan.  13.  1049 

2310 

2094 

1987 

2216 

1790 

2072 

2080 

2440 

„ 23.  1860 

1820 

2125 

1618 

Jan.  1.  1570 

1585 

2450 

20G1 

1287 

1557 

2850 

1910 

1765 

1650 

1500 

2030 

2920 

2097 

2422 

2082 

1540 

1766 

2505 

1239 

1312 

2860 

2160 

1843 

2683 

2160 

1860 

1638 

1980 

1468 

1410 

650 

2215 

2373 

2210 

1435 

1736 

2520 

1715 

1490 

2050 

Feb.  1.  1610 

1820 

2539 

2590 

2220 

2473 

1550 

2612 

1810 

1660 

1450 

1530 

„ 30.  1930 

1815 

2326 

2210 

2136 

Dec.  1.  2202 

Dec.  17.  1785 

Seventy-six  clays, 
and  one  of  ten  days. 


with  one  interruption 


of  twelve  days 


148,211 

76 


= 1950. 


The  quantity  of  urine  discharged  by  A is  therefore 
1950  c.c.  per  day,  as  the  average  of  seventy-six  days.  Maxi- 
mum, 2920  c.c.  Minimum,  1049  c.c.  The  minimum  of 
650  c.c.  1 must  assume  as  abnormal ; the  individual  on 
that  day  had  a cold  and  headache. 


B,  ad.  28,  weighed  72  kilogrammes.  Quantities  of  urine  from 
12  midnight  to  12  midnight,  twenty -four  hours  each. 


Dee.  17.  2432 

1580 

2000 

2440 

2235 

1528 

2000 

1670 

Jan.  30.  1485 

2040 

1873 

1335 

Jan. 19.  1585 

1685 

1642 

1445 

1380 

1812 

1355 

Feb.  1.  1420 

1100 

„ 22.  1874 

Jan.  9.  2190 

„ 21.  2080 

1515 

1760 

1895 

1445 

1065 

„ 29.  1720 

„ 11.  1975 

1420 

1292 

1680 

1880 

1970 

1622 

1293 

1710 

„ 31.  2020 

1482 

2655 

1750 

1530 

Jan.  1.  1700 

1590 

2540 

1500 

1040 

2350 

1820 

1110 

Feb.  25.  1790 

„ 3.  1980 

2020 

1830 

1100 
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Fifty-seven  days,  witli  five  interruptions,  of  eight,  one, 
one,  one,  one  day  respectively. 


98,235 

57 


= 1723. 


The  quantity  of  urine  discharged  hy  B is  therefore 
1723  c.c.  per  day,  as  the  average  of  fifty-seven  days. 
Maximum,  2655  c.c.  Minimum,  1040  c.c. 

The  quantity  of  urine  discharged  in  twenty-four  hours  by 
healthy  adult  persons  has  been  determined  hy  various  other 
observers.  The  results  of  their  observations,  together  with 
the  results  of  my  own,  are  arranged  in  the  following  table — 
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Table  showing  tlte  total  quantity  of  Urine 


Found  in  One  hour. 

Observer. 

Subjects. 

Cubic  centimetres. 

English  fluid  measure. 

Min. 

Med. 

Max. 

Minimum. 

Medium. 

Maximum. 

Lecanu  . . 

3 

5 

HI 

3 

5 

in. 

3 

3 

ni 

— 

Valentin 

Himself,  medium 

. 

of  three  days. 

Lehmann 

Himself  under  or- 



dinary  circum- 
stances. 

Ditto  . . . 

Himself,  when 









— 

— 









— 



living  irregularly. 
Well-fed  persons 

60-0 

700 

2 

0 

54 

2 

3 

43 

who  drink  much. 
Well-fed  persons 

50-0 

60-0 

1 

6 

5 

2 

0 

54 

Bischoflf, 

who  drink  less. 

Vogel,  and 
others. 

For  one  kilo- 
gramme of  weight 

1-0 

— 

1 

0 

0 

16-9 

— 

— 

of  adult. 

• 

For  100  centi- 

— 

40-0 

— 



— 

— 

1 

3 

16 

— 

— 



metres  of  length 

of  adult. 

Thudichum  . 

A,  man,  set.  28 
weight,  70  kilos., 

43-0 

81-0 

1210 

1 

4 

6-7 

2 

6 

48-9 

4 

2 

4-9 

Ditto  . . . 

seventy-six  days. 

B,  man,  set.  28 ; 
weight,  72  kilos., 

43-0 

71-0 

1100 

1 

4 

6-7 

2 

3 

59-9 

3 

6 

59 

fifty-seven  days. 

Ditto  . . . 

One  kilogramme  of 

— 

M 

— 

— 

— 

— 

0 

0 

18-5 

— 





weight  of  adult 

man. 

Ditto  . . . 

100  centimetres  of 

— 

440 



— 



1 

4 

23-6 

_ _ 



length  of  adult. 
[A-\- 5=346  cent.] 

One  cubic  centimetre  = 16-9 


The  values  obtained  by  my  observations,  extending  over 
larger  than  those  of  former  observers.  They  may  therefore 
urine  secreted  by  adults,  and  of  the  lowest  and  highest  amount 
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discharged  in  given  times  by  healthy  individuals . 


Found  in  Twenty-four  hours. 

Reference. 

Cubic  centimetres. 

English  fluid  measure. 

Min . 

Med. 

Max. 

Minimum. 

Medium. 

Maximum.  | 

3 

3 

1>l 

3 

3 

m 

5 

3 

m. 

743  0 

1268-0 

2271-0 

— 

— 

— 

— 

— 

J‘  I-landb.  d.  Phys./  2d  edit.. 

— 

1447-7 

— 

\ vol.  i,  p.  655. 

— 

1057-8 

— 

1 Wagner’s  ‘ IlandwOrterb.  d. 

1 

Phys./ vol.  ii,  pp.  16-18. 

909  0 

— 

1202-5 

— 

— 

— 

— 

— 

J | 

1400-0 

— 

1600  0 

49 

4 

0 

— 

— 

56 

2 

•f' 

40 

1200-0 

_ 

1400-0 

42 

2 

0 

— 

— 

— 

49 

T 

0 

Bischoflf,  ‘ Der  Harnstoff  als 

| das  Maass  des  Stoffwech- 
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— 

— 

— 

— 

— 

— 

— 

— 

— 

r sels.’ 

Vogel,  ‘ Semiotik  des  Hams.’ 

— 

960-0 

— 

) 

1049  0 

1950-0 

2920-0 

— 

— 

— 

68 

5 

15 

— 

— 

— 

1040  0 

1723-0 

2655-0 

— 

— 

— 

60 

5 

18-7 

— 

— 

— 

Observations  detailed  above. 

— 

260 

— 

— 

— 

— 

" 

— 

1061-0 

— 

— 

minims  i 

mperial 

measure 

133  days  of  two  individuals,  are  throughout  considerably 
be  said  'to  extend  our  knowledge  of  the  average  quantity  of 
consistent  with  healthy  function. 


26 


QUANTITY  OF  URINE 


Among  the  influences  which  determine  the  quantity  of 
urine,  many  are  inherent  in  the  mode  of  life,  others  are 
entirely  independent  of  any  act  of  the  individual.  Of  the 
former  are  the  quantity  and  quality  of  food  and  drink,  and 
the  amount  of  perspiration  caused  by  activity. 

The  ingestion  into  the  system  of  large  quantities  of  water, 
tea,  coffee,  beer,  (weak)  wine,  &c.,  may  in  a short  time  raise 
the  hourly  quantity  of  urine  from  60  or  70  c.c.  to  300,  600, 
700  c.c.  (from  2 to  10  or  20  fl.  oz.)  and  more.  I recollect 
that,  when  at  College,  I used  to  bet  with  one  of  my  fellow- 
youngsters  as  to  which  of  us  could  drink  the  largest  quantity 
of  water  within  the  hour,  from  two  to  three  in  the  afternoon, 
having  taken  dinner  between  twelve  and  one.  At  first  I beat 
him,  drinking  four  litres.  The  quantity  of  urine  discharged 
was  of  course  correspondingly  great,  and  certainly  not  less 
than  two  litres  per  hour.  After  a week  my  opponent  beat 
me  hollow,  drinking  six  litres  during  the  appointed  hour. 

I recollect  a student  who  drank  fifteen  half  litres  of  weak 
beer  within  the  hours  from  eight  to  eleven  at  night,  an  entire 
half  litre  at  a time,  and  felt  nothing  the  worse  for  it.  A patient 
at  one  of  the  German  spas  used  to  take  sixteen  half-pint  glasses 
of  weak  saline  water  between  the  hours  from  six  to  eight  in 
the  morning.  In  both  cases  the  quantity  of  urine  discharged 
within  the  next  hour  amounted  to  about  one  half  of  the 
quantity  of  fluid  consumed  during  that  hour,  and  in  all  cases 
the  excess  of  fluid  seemed  to  be  discharged  within  two  hours 
and  a half  after  the  last  ingestion. 

The  quantities  of  water  consumed  by  patients  in  some 
hydropathic  establishments  are  something  extraordinary.  It 
is  the  same  in  many  English  and  Continental  spas,  where 
patients  make  it  their  avocation  to  drink  warm  and  cold 
water.  A discharge  of  urine  up  to  1000  c.c.  (35  fl.  oz.)  per 
hour  is  there  of  common  occurrence  after  drinking. 

Abstinence  from  drink,  on  the  other  hand,  diminishes  the 
secretion  of  urine ; but  this  diminution  is  not  exactly  in 
inverse  proportion  to  the  increase  by  drink.  The  urine  does 
not  sink  below  a certain  quantity,  even  in  cases  of  total  ab- 
stinence from  food  and  drink.  With  a dry  diet  the  urine 
may,  as  observed  by  Mosler  on  four  males  of  from  twenty  to 
twenty-five  years  of  age,  sink  from  the  medium  of  86'0  c.c. 
(3  11.  oz.)  per  hour  under  their  ordinary  diet  to  37’0  c.c. 
(10  fl.  oz.) 

The  temperature  of  the  atmosphere,  the  amount  of  moisture 
diffused  in  it,  and  its  tension  as  expressed  by  the  barometer, 
arc  influences  over  which  the  individual  has  only  partial  con- 
trol. The  amount  of  moisture,  therefore,  which  is  exhaled 
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by  the  lungs  and  skin — though  of  course  dependent  in  part 
on  the  amount  of  water  present  in  the  blood,  on  the  relative 
excretory  activity  of  the  organs,  and  on  the  bodily  state  of  the 
individual,  such  as  exercise,  rest,  sleep,  and  so  on — is  partly 
determined  by  atmospheric  influences. 

Certain  regular  variations  in  the  hourly  quantity  of  urine 
are  produced  by  the  cosmic  influences  of  day  and  night. 
During  the  sleep  of  night  only  58'0  c.c.  (15  fl.  dr.)  of  urine 
per  hour  are  excreted ; in  the  morning  the  medium  is  G90  c.c. 
(18  fi.  dr.)  ; after  dinner,  if  taken  early,  or  after  luncheon, 
the  amount  of  urine  becomes  largest — 77d)  c.c.  (2§  fl.  oz.), 
and  sinks  again  in  the  evening  to  73  0 c.c.  (19  fi.  dr.), 
when  even  a late  dinner  will  not  influence  it  so  much  as 
might  be  supposed  from  the  observations  after  an  early 
dinner.  Nothing  could  better  demonstrate  the  influences 
of  activity  and  rest  upon  the  quantity  of  urine  than  these 
facts.  Not  only  is  there  a greater  production  of  effete 
matter,  during  waking  and  exercise,  requiring  to  be  discharged 
from  the  blood  than  during  sleep,  but  also  the  excre- 
tory activity  of  the  kidney  is  higher,  in  consequence  of  the 
transference  of  the  nervous  stimulus,  and  from  the  stimulant 
action  of  certain  substances  of  aliment,  such  as  coffee,  porter, 
onions,  and  a host  of  other  articles  of  diuretic  property.  This 
transferred  nervous  and  direct  stimulus  may  be  brought  to 
bear  upon  the  kidneys  at  any  hour  of  the  day  or  night,  and 
it  is  therefore  that  persons  working  with  either  mind  or  body 
during  the  night,  discharge  as  much  urine  as  during  the  same 
activity  in  the  daytime.  On  the  other  hand,  sleep  and 
inactivity  in  the  daytime  will  diminish  the  quantity  of 
urine. 

To  recapitulate : the  physiological  quantity  of  urine  is  de- 
pendent, on  the  one  hand,  upon  the  amount  of  water  intro- 
duced into  the  blood,  or  abstracted  from  it  by  other  excretory 
organs ; and,  on  the  other  hand,  upon  the  excretory  activity 
of  the  kidneys  in  its  widest  sense,  as  we  have  already 
stated. 


QUANTITY  OF  URINE  DISCHARGED  IN  DISEASE. 

Though  in  patients  all  the  influences  which  determine  the 
quantity  of  urine  in  health  may  combine  with  the  influences 
of  the  disease,  yet  as  a general  rule  the  consideration  of  the 
total  quantity  of  urine  in  a great  number  of  diseases  will 
convince  us  that  its  variation,  or  a certain  mode  of  variation, 
forms  one  of  their  essential  symptoms.  In  the  long  run  the 
character  of  the  disease  will  determine  the  character  of  the 
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urine,  however  the  satisfaction  of  an  accidental  thirst  of  the 
patient  may  increase  it  for  a time,  or  however  much  it  may 
have  been  diminished  by  vomiting,  diarrhoea,  perspiration,  or 
increased  pulmonic  exhalation. 

In  the  previous  remarks  we  have  seen  the  maximum,  me- 
dium, and  minimum  quantities  of  urine  discharged  in  given 
times  by  given  weights  of  individual.  This  must  form  the 
basis  of  any  attempt  at  judging  whether  the  quantity  of  urine 
in  a given  case  of  disease  is  less  or  more  than  the  same  indi- 
vidual would  be  likely  to  discharge  during  health.  The  only 
caution  necessary  is  to  allow  a sufficient  margin  for  accidental 
variations.  If  we  do  so,  the  practical  conclusions  arrived  at 
from  a consideration  of  this  point  are  as  valuable  as  any  of 
the  most  pathognomonic  objective  symptoms.  As  an  example, 
we  will  assume  the  case  of  an  average  adult  individual.  We 
know  he  does  not  drink  a great  deal  when  well,  and  may 
therefore  put  down  his  medium  quantity  of  mine  for  twenty- 
four  hours  as  1300  c.c.  (42  fl.  oz.)  This  individual  has  become 
ill,  and  we  now  ascertain  that  his  urine  for  twenty-four 
hours  only  amounts  to  400  c.c.  (13  fl.  oz.)  We  are  at  once 
justified  in  the  conclusion  that  the  disease  has  brought 
about  a diminution  of  the  bulk  of  the  mine  to  less  than 
one  third  its  ordinary  medium.  Experience  teaches  us  the 
consequences  likely  to  follow  the  condition  of  the  system, 
of  which  this  lessened  quantity  of  urine  is  a symptom. 
The  symptom  therefore  has  a high  diagnostic  and  prognostic 
value,  as  we  shall  presently  more  particularly  show.  An 
increased  amount  of  urine,  on  the  other  hand,  to  about  2500 
or  3000  c.c.  (80£  or  96^  fl.  oz.),  in  a patient  who  in  health 
would  discharge  from  1600  to  1700  c.c.  (5l£  to  55  fl.  oz.),  is 
an  evident  excess,  which,  if  not  traceable  to  any  special  acci- 
dental cause,  and  if  permanent,  as  in  diabetes,  is  the  main 
and  principal  symptom  of  the  disorder,  and  therefore  the 
almost  exclusive  means  of  its  diagnosis. 

We  will  presently  show  to  the  reader  the  use  of  observing 
these  variations  in  every  case ; but  science  requires  that  we 
should  observe  everything  offered  to  our  senses  by  a case, 
even  should  we  not  see  the  immediate  use  of  it. 

It  is  a fact,  derived  from  general  experience,  and  which 
may  be  verified  any  and  every  day,  that  the  quantity  of  the 
urine  is  diminished  in  all  acute  febrile  diseases,  viz.,  in 
exanthemata  and  zymotic  diseases,  in  low  gastric  fevers  and 
typhus,  in  rheumatic  fevers,  in  all  inflammatory  diseases,  such 
as  pneumonia,  pleuritis,  and  bronchitis,  and  in  the  inflam- 
matory fevers  of  tropical  climates  or  miasmatic  regions. 
In  all  these  diseases,  and  in  many  more,  a constant  dimi- 
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nution  of  the  quantity  of  urine  is  accompanied  by,  and 
therefore  pathognomonic  of,  a constant  increase  in  the  intensity 
of  the  disorder.  When  the  quantity  of  urine  remains  very  low 
( below  800  c.c.,  25|  fl.  oz.,  per  day)  for  any  length  of  time, 
then  we  may  conclude  that  the  intensity  of  the  disease  has  not 
abated.  A constant  increase  in  the  quantity  of  the  urine, 
however,  is  a favorable  symptom,  and  shows  that  the  patient 
has  passed  the  acme,  and  that  the  diseased  action  is  abating 
(vide  Vogel,  loc.  cit.,  p.  226).  During  the  period  of  con- 
valescence the  quantity  of  urine  becomes  normal,  or  exceeds  in 
some  cases  the  normal  quantity. 

Professor  Vogel  observed  the  following  case,  illustrative  of 
these  points.  It  is  the  more  interesting,  as  the  normal  quantity 
of  the  urine  discharged  by  the  patient  during  health  had  been 
measured  for  a certain  period  just  before  he  became  ill.  He 
was  an  attendant  in  the  hospital,  and  became  the  subject  of 
typhus  fever.  During  the  first  three  days  of  the  illness,  the 
total  quantity  of  urine  in  twenty-four  hours,  amounting  to 
1800  c.c.  (58  fl.  oz.)  during  health,  fell  gradually  to  200  c.c. 
6^  fl.  oz.)  : it  rose  during  the  next  five  days  regularly  up  to 
the  normal  1800  c.c.  (58  fl.  oz.),  exceeded  the  amount  soon 
up  to  2200  c.c.  (70f  fl.  oz.),  and  then  returned  gradually  to 
the  usual  average  quantity. 

When  a disease,  acute  or  chronic,  takes  a fatal  turn,  the 
quantity  of  urine  becomes  frequently  very  low,  or  remains  in  a 
fluctuating  low  state.  This  is  the  case  in  all  diseases  ending 
w ith  or  by  exhaustion  of  the  material  of  the  component  parts 
of  the  body.  In  cases,  however,  the  fatal  termination  of 
which  is  due  to  a more  sudden  interference  with  the  powers 
of  the  nervous  system,  or  with  the  mechanical  action  of  the 
lungs  and  heart,  the  quantity  of  the  urine  is  not  usually 
very  much  diminished. 

The  quantity  of  urine  is  materially  diminished  in  dropsical 
diseases,  with  or  without  diseased  kidneys.  Common  practice 
has  made  the  amount  of  urine  discharged  by  such  patients 
the  index  of  their  improvement  or  otherwise,  and  has  made 
a small  quantity  of  urine,  in  cases  in  which  the  cause  of 
the  disorder  is  not  the  kidney  itself,  a therapeutical  indication 
for  the  administration  of  diuretics. 

The  quantity  of  the  urine  is  materially  increased  in  those 
diseases  which  we  commonly  term  diabetes.  In  these  cases, 
however,  as  in  cases  of  diseased  kidneys,  it  is  necessary  to 
give  particular  attention  to  the  quality  of  the  urine  at 
the  same  time,  wdicn  the  distinctions  between  hydruria, 
diabetes  insipidus,  and  diabetes  mellitus  will  become 
prominent. 
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SOLIDS  AND  WATER SPECIFIC  GRAVITY. 

The  direct  way  of  determining  the  amount  of  solids  con- 
tained in  a given  quantity  of  urine  is  by  the  evaporation  of 
the  water.  This  is  best  done  under  the  receiver  of  the  air- 
pump,  care  being  taken  not  to  make  the  urine  boil,  in  order 
to  prevent  loss  from  the  bursting  of  the  bubbles  evolved. 
By  placing  with  the  urine  to  be  dried  any  body  capable  of 
freely  absorbing  water,  such  as  sulphuric  acid  or  quicklime, 
the  vapour  may  be  absorbed  as  soon  as  evolved,  and  in  this 
way  a vacuum  for  air  and  vapour  may  be  kept  up,  under  the 
influence  of  which  the  urine  will  rapidly  get  dry.  When 
nearly  dry,  the  residue  may  be  mixed  with  a weighed  quantity 
(1  to  2 grammes,  15  to  30  grains)  of  finely  ground  spongy 
platinum.  This  makes  the  drying  considerably  easier. 

The  vessel  in  which  the  urine  is  exposed  should  be  rather 
flat,  so  as  to  give  the  largest  possible  surface  for  evaporation, 
and  should  be  provided  with  ground  edges,  so  that  it  may  be 
rendered  air-tight  by  greasing  them  and  applying  a glass 
disc.  This  caution  is  required  in  order  to  prevent  the  residue 
from  absorbing  water  from  the  air,  on  being  transferred  from 
the  receiver  to  the  scales  for  weighing.  The  weight  is  now 
determined  in  the  closed  box  of  the  chemical  scales,  the  air 
surrounding  which  is  kept  dry  by  the  presence  of  sulphuric 
acid  and  chloride  of  calcium.  Then  the  vessel  with  the 
residue  is  again  removed  to  the  receiver  of  the  air-  pump ; 
after  it  has  been  exposed  for  a time  to  the  evaporating  in- 
fluence, the  covered  vessel  is  again  weighed ; and  if  it  have 
lost  nothing  during  the  last  exposure,  the  residue  is  considered 
to  be  perfectly  dry.  Of  course,  if  it  have  lost  in  weight 
between  two  weighings,  it  must  yet  be  brought  repeatedly 
into  the  vacuum,  until  the  weight  remains  stationary. 

This  process  is  one  of  extreme  difficulty  and  great  expense  of 
time ; but  it  is  the  only  one  which  gives  accurate  absolute 
results.  Less  accurate  is  the  following  method,  in  which  the 
evaporation  of  the  water  is  effected  by  the  assistance  of  heat. 
The  objection  to  the  application  of  heat  in  this  process  is, 
that  it  decomposes  a certain  amount  of  urea,  which  is  vola- 
tilized in  the  form  of  ammonia  and  carbonic  acid.  This 
objection  is  so  well  founded,  that  if  the  products  of  evapora- 
tion are  caught  in  a cooler,  it  will  almost  always  be  possible 
to  find  traces  of  ammonia  in  the  condensed  distillate  by  the 
delicate  test  I shall  describe  under  Ammonia.  This  am- 
monia, of  course,  must  not  be  confounded  with  the  ammonia 
proper  of  the  urine.  By  always  keeping  the  urine  acid 
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during  evaporation,  the  decomposition  of  urea  may  be  limited 
to  a minimum ; but  alkalinity  of  the  urine  will  favour  the 
destruction  of  urea  during  the  application  of  heat.  However, 
where  no  air-pump  is  at  hand,  and  where  ordinary  results 
only  are  required,  the  method  now  to  be  described  is  still  of 
considerable  use. 

The  operator  pours  about  12  or  15  grammes  (or  4 to  5 
drachms)  of  urine  by  weight  or  measure  into  a porcelain 
or  platinum  capsule,  which,  with  a well-closing  cover,  has 
been  counterpoised  beforehand.  It  is  then  fitted  into  the 
ring  of  the  water  bath,  so  that  the  greater  part  of  its  outer 
surface  is  surrounded  by  the  hot  Avater. 

If  the  solids  only  are  to  be  determined,  the  best  plan  is  to 
take  a flat,  small  evaporating  dish  for  the  operation.  The 
best  vessel  for  a water  bath  is  a semi-globe  of  copper, 
with  handles,  and  Avith  rings  on  the  top  to  fit  every  size 
of  evaporating  dish,  and  Avith  an  opening  for  replenishing  the 
supply  of  Avater.  Another  water-bath  is  that  which  com- 
bines the  advantages  of  the  one  just  described  Avith  those  of 
an  air-bath  warmed  by  water.  The  top  is  provided  with  four 
holes,  admitting  as  many  evaporating  dishes  or  capsules  of 
different  sizes.  Any  hole  not  used  is  closed  by  its  cover. 
The  warm  air-bath  at  the  front  has  tAvo  compartments,  a door, 
Avith  a rosette  for  admitting  air  if  required,  a ventilator  at 
the  top  for  carrying  away  the  moisture,  and  an  opening,  into 
which  a thermometer  may  be  fixed  Avith  a cork,  if  it  be 
desired  to  keep  the  temperature  at  a certain  point. 

When  the  urine  has  evaporated  to  an  apparently  dry 
residue,  the  capsule  must  be  transferred  to  an  air-bath, — a 
round  box  of  copper,  Avith  double  walls  and  a lid  on  its  upper 
surface.  The  substances  to  be  dried  are  placed  upon  a sieve  of 
perforated  copper,  which  is  placed  in  the  interior  of  the  box  in 
such  a manner  as  to  prevent  any  heat  conducted  by  the  metal, 
particularly  the  bottom,  from  reaching  the  substances.  Thus 
they  can  only  be  affected  by  the  hot  air,  the  temperature  of 
which  is  ascertained  by  a thermometer,  placed  with  its  bulb 
inside  the  box,  and  surrounded  outside  by  a glass  tube,  in 
order  to  prevent  the  small  column  of  mercury  from  being 
affected  by  any  external  currents  of  air. 

The  capside  being  in  the  air  bath,  the  air  is  iioav  heated  with 
a spirit-  or  gas-lamp,  under  the  box,  to  230°  F.  (110°  C.),  and 
is  kept  at  that  temperature  from  half  an  hour  to  an  hour. 
Being  ready  for  Aveighing,  the  capsule  is  covered,  and  allowed 
to  cool  over  sulphuric  acid,  in  the  apparatus  in  which  it  is 
carried  to  the  scales.  This  apparatus  is  a strong  cylindrical 
glass  with  ground  edges,  containing  about  an  inch  in  depth 
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of  strong  sulphuric  acid.  Over  this,  the  capsule  is  placed 
upon  a tripod  made  of  strong  lead  wire.  The  glass  is  closed 
by  a glass  disc,  with  the  assistance  of  a little  tallow. 

After  the  weight  of  the  capsule  and  contents  has  been 
ascertained,  it  is  again  exposed  to  the  temperature  of  230°  F. 
(110°  C),  and  if,  after  some  time,  a second  weighing  does  not 
show  a further  loss,  the  residue  may  be  considered  as  dry. 

We  now  find  by  easy  calculation  the  amount  of  water 
evaporated,  and  the  amount  of  solids  contained  in  a given 
quantity  of  urine.  If  the  total  quantity  of  urine  discharged 
in  twenty-four  hours  be  known,  the  total  of  solids  discharged 
therewith  is  readily  found  : for  the  quantity  of  urine  (u)  taken 
for  evaporation  stands  to  residue  (r)  found,  in  the  same  pro- 
portion as  the  total  quantity  of  urine  (U)  discharged  in  twenty- 
four  hours  stands  to  the  (R)  solids  dissolved  in  it. 

Ur 

u : r : : U : x;  hence  x = = R . 

u 

For  example,  let  the  quantity  of  urine  experimented  on  be 
10  grammes,  the  quantity  of  solid  residue  in  it  0*23  grammes, 
the  total  quantity  of  urine  discharged  1000  grammes,  then 

0-23  x 1000 

= 23  grammes, 

the  total  quantity  of  solids  dissolved  in  the  urine. 

As  the  urine  is  a solution  of  several  substances  in  water, 
their  amount,  viz.,  the  amount  of  solids  contained  in  any 
given  quantity,  may  be  ascertained  by  finding  the  specific 
gravity ; for  the  specific  gravity  of  any  watery  solution  is 
higher  than  pure  water  in  proportion  to  the  amount  of  solids 
dissolved,  the  solids  in  solution  giving  up  their  own  individual 
specific  gravity,  and  influencing  the  specific  weight  of  the 
solution  by  their  absolute  weight  only.  This  is  proved  by 
the  fact  already  mentioned  ; namely,  that  the  absolute  weight 
of  a given  bulk  of  urine  may  be  found  by  multiplying  the 
bulk,  as  expressed  in  cubic  centimetres,  by  the  figure  express- 
ing the  specific  gravity  (p.  20) . 

The  best  mode  of  discovering  the  specific  gravity  of  the  urine 
is  to  compare  the  weight  of  a certain  bulk  with  the  weight  of 
an  equal  bulk  of  water.  For  this  purpose  any  phial  of  con- 
venient size  may  be  used;  but  best  of  all  vessels  is  the 
pycnometer,  a small  glass  bottle,  the  elongated  ground  in 
stopper  of  which  is  a capillary  tube.  The  advantages  thereby 
obtained  are,  that  no  air  can  be  inclosed  in  the  bottle 
(certainly  not,  as  some  fancy,  because  the  air,  when  in- 
cluded, can  escape  by  the  capillary  tube,  which  it  could  not, 
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from  its  great  adhesion ; but  because  no  air  is  ever  inclosed, 
being  displaced  by  the  rising  water  when  the  stopper  sinks 
into  the  full  bottle)  ; and  that  the  bottle  can  be  accurately 
filled  with  the  same  bulk  of  fluid  every  time.  The  larger  and 
better  kinds  of  pycnometers  are,  moreover,  provided  with  a 
thermometer,  the  bulb  of  which  lies  in  the  body  of  the  stopper, 
and  the  tube  in  the  elongation. 

The  weight  of  the  pycnometer,  and  of  the  water  required  to 
fill  it,  being  each  ascertained,  are  written  upon  the  glass  with 
a diamond.  The  weight  of  the  urine  required  to  fill  the  pycno- 
meter is  then  ascertained.  Then  the  weight  of  water  : weight 
of  urine  : : specific  gravity  of  water : specific  gravity  of  urine. 
Or,  the  specific  gravity  of  water  being  1, 

weight  of  urine 

— . -i  , — 7 — = spec.  grav.  of  urine. 

weight  of  water  L ° 

Ex.  A pycnometer  held  50  grammes  of  water,  and  5 '21 
grammes  of  urine. 

5T2 

— = 1-024  spec.  grav.  of  urine; 


Or,  50  : 51*2  : : 1 


x — 


x 

512 

~5(f 


1-024. 


Another  and  more  convenient  mode  of  finding  the  specific 
gravity  of  the  urine  is  founded  on  the  fact  of  immersed 
solids  displacing  a bulk  equal  to  their  own.  For  this  purpose 
a solid  glass  ball  is  used,  the  loss  of  which,  when  weighed  in 
water,  is  known,  and  inscribed  on  it  with  a diamond.  It  is 
then  weighed  while  immersed  in  urine,  and  its  loss,  as  com- 
pared with  its  weight  in  air,  is  ascertained.  Then  its  loss 
when  weighed  in  the  urine,  divided  by  its  loss  when  weighed 
in  water,  will  be  the  specific  gravity  required.1 

Ex.  A glass  ball  lost  50-0  grammes  when  weighed  in  water, 
and  51  2 when  weighed  in  urine. 


51-2 

500 


1-024. 


Though  the  two  methods  last  described  do  not  require  so 
much  time  and  weighing  as  the  first  two  methods,  still  they 

1 Bird  and  Brooke,  ‘ Nat.  Philos.’  p.  193,  § 378. 
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are  sufficiently  troublesome  to  exclude  them  from  universal 
application.  The  only  method  of  ascertaining  the  specific 
gravity  of  urine  for  the  practical  purposes  of  diagnosis  and 
prognosis  at  the  bedside,  is  the  use  of  the  gravimeter,  or  areo- 
meter, which,  when  destined  to  be  used  for  the  urine  only, 
should  be  called  urogravimeter,  but  has  been  wrongly  styled 
urinometer.  The  mode  of  action  of  this  instrument  depends 
upon  the  fact  of  solids  of  a given  weight  sinking  deeper  in 
light  than  in  heavy  fluids. 

The  urogravimeters  are  made  of  various  materials,  generally 
glass  or  metal,  each  of  which  have  their  peculiar  advantages, 
which  have  not  yet  been  combined  in  any  material.  Metal  is 
most  durable ; but  by  frequent  use  and  drying  it  loses  a little 
of  its  weight.  This  does  not  so  much  apply  to  instruments 
made  of  solid  gold  or  platinum,  and  well  polished  and  hard- 
ened, as  to  a manufacture  now  frequently  sold,  the  material 
of  which  is  brass  with  a gilt  surface.  This  electro-gilt  layer 
is  rubbed  off  in  a very  short  time ; and  of  course  the  instru- 
ment becomes  incorrect,  and  requires  to  be  sent  to  the  gilder. 
Whoever  uses  such  an  instrument  must  frequently  try  its 
accuracy  by  immersing  it  in  distilled  water,  in  which  it 
will  sink  to  zero  when  correct,  and  not  so  deep  when  incorrect. 

Instruments  made  of  glass  are  apt  to  break ; but  their 
advantages  are,  cheapness,  and  the  property  of  the  glass  to 
compensate  by  expansion  or  dilatation  for  any  diminution  of 
the  density  of  the  urine  by  a higher  temperature  between 
60°  and  80°  F.  (15’5°  and  26'6  C.)  Ackland. 

The  gravimeter  just  described  only  admits  of  a reading  in 
half  divisions  ; and  if  the  instrument  is  small,  these  divisions 
come  so  near  together,  that  it  is  sometimes  impossible  to  say 
which  division  is  the  proper  level  of  the  fluid.  In  order, 
therefore,  to  obtain  more  accuracy,  by  having  more  divisions 
between  the  points  of  a and  b,  or  0 and  30,  it  is  advisable 
to  divide  the  scale  upon  two  gravimeters,  of  which  the  one 
may  range  from  0 to  18,  the  other  from  18  to  30  or  38,  which 
is  beyond  the  density  of  almost  any  urine.  In  this  manner 
we  double  the  length  of  the  scale,  and  may  now  mark  and 
read  quarters  of  a division. 

There  are  two  sources  of  error,  arising  out  of  the  use 
of  these  instruments,  which  must  be  corrected  before 
determining  the  amount  of  solids  after  the  reading  from  the 
gravimeter.  Tire  first  source  of  error  is  in  the  instrument 
itself,  and  consists  in  the  division  of  the  scale  into  equal  parts. 
This  of  course  goes  upon  the  assumption  that  the  strata  of 
the  fluid  in  which  the  gravimeter  is  immersed  are  also  of 
equal  density.  But  as  the  density  increases  Avitli  the  depth 
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from  the  surface,  the  graduations  of  the  scale  ought  to  be 
corrected  upon  the  different  densities  of  the  respective 
columns  of  urine.  This  may  he  done  in  every  case  by  calcu- 
lation, but  much  better  by  using  a gravimeter,  the  scale 
of  which  has  been  graduated  with  reference  to  compen- 
sation, by  the  machine  of  Mr.  Ackland,  invented  for  that 
purpose. 

The  second  source  of  error  is  the  variable  temperature  of 
the  urine,  the  gravimeters  in  general  use  being  graduated 
for  water  and  urine  at  a temperature  of  00°  F.  (15-5°  C.) 
It  is  therefore  necessary  in  any  case  to  determine  the  tem- 
perature of  the  urine  by  the  aid  of  a thermometer ; and  if 
it  is  not  at  60°  F.  (15*5°C.),  to  bring  it  artificially  to  this, 
or  to  correct  the  reading  of  the  gravimeter  by  a compensating 
calculation  based  upon  the  temperature  found.  For  this 
purpose  the  following  table  of  Mr.  Ackland  may  be  referred  to.1 


A Table  for  reducing  the  indications  at  a higher  temperature 
of  a glass  gravimeter  to  the  standard  temperature , 
60°  F.  (15-5°  C.) 


Ex.  Suppose  the 

Temperature. 

No.  to  be  | 
added  to  the 
indication,  j 

Temperature. 

Addition 

to 

indication. 

urinometer  to  float  in 

F. 

C. 

F. 

C. 

urine  of  73°  tempera- 

60 

15-55 

•00 

73 

22-78 

1-20 

ture  at  21.  On  refer- 

61 

16-11 

•08 

74 

23-33 

1 30 

ring  to  the  table  op- 

62 

63 

16- 67 

17- 22 

•16 

•24 

75 

76 

23- 89 

24- 44 

1-40 

1-50 

posite  73°  will  be 

64 

17-78 

•32 

77 

25-00 

1-60 

found  F20,  which  is 

65 

18-33 

•40 

78 

25-55 

1-70 

to  be  added  to  the  in- 

66 

67 

18- 89 

19- 44 

•50 

•60 

79 

80 

26-11 

26-67 

1-80 

1-90 

dication  21,  making 

68 

20  00 

•70 

81 

27-22 

2-00 

the  true  specific  gra- 

69 

20-55 

•80 

82 

27-78 

2-10 

vity  = 1022-2. 

70 

71 

21-11 

21-67 

•90 

1-00 

83 

84 

28-33 

28-98 

2-20 

2-30 

72 

22-22 

1-11 

85 

29-44 

2-40 

From  the  specific  gravity  so  found,  the  quantity  of  solid 
matters  present  in  the  urine  is  calculated  with  the  aid  of  a 
formula,  which  must  be  ascertained  from  the  results  of  the 
more  accurate  methods  we  have  described.  Among  the  many 
formulae  so  given  two  ouly  appear  to  me  sufficiently  well 
proved  to  advise  their  adoption  in  practice.  The  first  and 
most  convenient  formula  is  that  of  Trapp  : 

d — difference  between  1000  and  specific  gravity  of  urine. 

1 Dr.  G.  Bird,  loc.  cit.,  p.  46. 
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Formula  : cl  x 2 = x (total  of  solids  in  1000  parts) ; or 

Rule : To  find  the  amount  of  solids  in  any  given  bulk 
of  urine,  double  the  last  two  figures  of  the  number  expressing 
the  specific  gravity  : the  product  shows  the  number  of  parts 
of  solids  contained  in  any  thousand  parts  of  urine.  This 
formula  seems  to  be  particularly  applicable  to  urine  of  a low 
specific  gravity1,  from  1000  to  1018,  being  the  range  of  the 
first  gravimeter. 

The  second  formula,  which  is  best  suited  for  urine  of 
a higher  specific  gravity,  from  1018  to  1038,  the  range  of  the 
second  gravimeter,  is  that  of  Dr.  Christison.2  It  is  : d x 2‘33 
= x.  It  is  the  same  as  that  adopted  by  Dr.  Day3  and  Dr. 
Hseser,  and  means,  in  other  words  : multiply  the  last  two 
figures  of  the  number  expressing  the  specific  gravity  by  2 33, 
and  the  result  is  the  total  of  parts  of  solids  in  any  1000 
parts  of  urine.  The  results  of  the  calculations  with  this  for- 
mula are  embodied  in  the  following  table  : 


Sp.  gr. 

Solids 

Sp.  gr. 

Solids 

Sp.  gr. 

Solids 

in  1000  parts. 

in  1000  parts. 

in  1000  parts. 

1018 

4L94 

1026 

60-58 

1034 

79-22 

1019 

44-27 

1027 

62-91 

1035 

81-55 

1020 

46-00 

1028 

65-24 

1036 

83-88 

1021 

48-93 

1029 

67-57 

1037 

86-21 

1022 

51-26 

1030 

69-90 

1038 

88-54 

1023 

53-59 

1031 

72  23 

1039 

90-87 

1024 

55-92 

1032 

74-56 

1040 

93-20 

1025 

58-25 

1033 

76-89 

Having  in  this  way  found  the  number  of  parts  of  solids  in 
any  thousand  parts,  grains  or  grammes  of  urine,  we  may 
easily  calculate  the  whole  amount  of  solids  secreted  with  the 
urine  in  twenty-four  hours,  if  we  have  ascertained  the  quan- 
tity so  secreted.  And  as  it  is  necessary  to  know  the  weight 
of  the  whole  bulk  of  urine  for  finding  the  weight  of  the  total 
of  solids  contained  in  it,  the  weight  is  first  ascertained  from 
the  specific  gravity,  by  multiplying  the  figure  expressive  of 
the  bulk  by  the  figure  expressive  of  the  specific  gravity.  By 
the  specific  gravity,  therefore,  we  may  obtain  two  kinds  of 
information  : 1,  the  weight  of  a given  bulk  of  urine;  2,  the 
amount  of  solids  contained  in  urine. 

’ Vogel,  loc.  cit.,  p.  229. 

2 ‘Library  of  Practical  Medicine,’  London,  1840,  vol.  iv,  u.  248. 

3 ‘The  Lancet,’  1844,  p.  370. 
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Ex.  A patient  passed  in  twenty-four  hours  two  and 
a half  pints,  or  1250  grammes,  of  urine  of  the  specific 
gravity  1020.  1000  grains  (or  grammes)  of  this  urine  hold 

dissolved  46 ‘6  grains  (grammes)  of  solids,  and  a pint  will 
weigh  8925  grains  : then 


Grains.  Grains.  Grains. 

1000  46"6  : : 8925  x 2"5  : x (total  amount 

2‘5  of  solids). 

44625 
17850 
22312-5 


46-6 


13  387  5 0 
133  875  0 
892  500 


l,000|l039, 762-50  | = 1039T7o6u  = 1039*76  grains. 


Or, 


1000  grammes  : 46*6  gr.  : : 1250  gr.  ; x 

46-6 

75  0 0 
750  0 
5000 


5825,0-0 


= 58\25  gram.  = x. 


Ex.  A patient  passed  on  the  average  60  c.c.  of  urine 
per  hour,  of  the  specific  gravity  1012.  1000  parts  of  this 

urine  hold  dissolved  24  parts  of  solids.  What  is  the 
amount  of  solids  in  60  c.c.  ? 


iooo  : 24  = 60  : x 
24 


240 

120 

1000 | 1440 


= 1"44  grammes. 


This  is  the  place  to  state  that  in  calculating  the  solids  from 
the  specific  gravity,  we  are  liable  to  commit  an  error  amount- 
ing to  one  tenth  or  one  seventh  of  the  solids  actually 
contained  in  average  healthy  urine ; and  the  error  may  be 
either  above  or  below  the  amount  actually  contained.  In 
concentrated  urines  and  the  urine  of  disease,  however,  the 
difference  between  the  calculation  from  the  specific  gravity 


4 


38  SOLIDS  AND  WATER  : 

and  tlic  real  quantity  may  amount  to  one  fifth,  or  even  one 
fourth  (Vogel),  of  the  solids  actually  contained.  It  is  there- 
fore possible  to  find  30  or  50  parts  of  solids  in  a number  of 
parts  of  urine  which  positively  only  contain  40.  This  is  the 
worst  case ; but  it  shows  that  to  slight  fluctuations  in  the 
specific  gravity,  and  the  amount  of  solids  calculated  there- 
from, we  can  in  practice  accord  no  importance.  If  we  find, 
for  example,  that  an  individual  discharges  on  an  average  55 
grammes  of  solids  per  twenty-four  hours  in  his  urine,  a rise 
to  60  grammes,  or  a fall  to  50  grammes,  per  twenty-four 
hours,  cannot  be  considered  abnormal,  because  it  may  be  that 
the  difference  is  only  due  to  the  error  of  calculation  to  which 
the  method  is  subject;  and  the  individual  may  actually  have 
discharged  his  55  grammes,  or  any  number  of  grammes  be- 
tween the  50  and  60.  If  we  find,  however,  from  the  specific 
gravity,  that  a person  who  on  the  average  discharged  60 
grammes  per  twenty-four  hows,  discharges  only  30  grammes, 
we  are  perfectly  justified  in  drawing  the  conclusion  that  this 
person  voids  a much  smaller  amount  of  solids  in  the  urine 
than  he  did  before ; and  though  we  cannot  positively  say 
whether  he  actually  discharges  30,  or  25,  or  35  grammes,  yet 
30,  25,  or  35  are  so  greatly  different  from  50,  55,  or  60 
grammes,  that  the  diminution  cannot  be  due  to  the  faults  of 
the  method,  and  may  with  propriety  be  used  as  evidence 
for  the  diagnosis,  or  as  an  indication  for  the  treatment  of  the 
case. 

This  uncertainty  in  the  results  obtained  by  the  gravi- 
metrical method  is  most  likely  partly  the  consequence  of  the 
fact  that  the  various  constituents  of  the  solid  residue  of  the 
urine  do  not  always  stand  in  the  same  proportion  to  each 
other.  There  is  also  the  error  to  which  the  calculation  of 
the  temperature  makes  us  liable ; further,  the  error  arising 
from  the  different  densities  of  the  different  strata  of  fluid,  as 
already  stated ; further,  the  difficulty  of  making  the  scale  of 
the  gravimeter  sufficiently  long  to  allow  of  an  accurate  read- 
ing of  the  level  of  the  urine,  which  may  assume  different 
curves  as  the  different  densities  of  the  urine  determine  a 
greater  or  less  adhesion  to  the  sides  of  the  vessel  and  to  the 
stem  of  the  gravimeter.  What  with  having  to  employ  two 
gravimeters,  to  compensate  and  calculate  for  temperature, 
and  density  from  depth,  and  being  after  all  subject  to  inac- 
curate reading  and  the  varying  proportions  of  the  solids  in 
urine — errors  which  in  the  aggregate  amount  to  a difference 
from  reality  of  from  one  tenth  to  one  fourth, — I must  say, 
that  I think  the  trouble  of  the  methods  with  the  balance  and 
air-pump  nearly  equalled,  and  yet  the  result  of  a hundred 
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gravimetrical  analyses  is  scientifically  and  practically  not 
worth  one  accurate  analysis. 

The  reader  is  now  in  possession  of  the  facts  which  will 
enable  him  to  attribute  its  proper  value  to  the  gravimetrical 
method  of  determining  the  amount  of  solids  in  the  urine. 
The  following  observations  are  recorded  in  tabular  order  as 
being  the  best  of  their  class  : 


Men. 

Women. 

Observers. 

Average  quantity 
of  urine  in  twenty- 
four  hours. 

Average  density. 

1 

Quantity. 

Density. 

Min. 

Med. 

Max. 

Min. 

Med. 

Max. 

Min. 

Med. 

Max. 

Min. 

Med. 

Max. 

Prout  .... 

OZ. 

30 

oz. 

40 

OZ. 

— 

1020 

— 

— 

OZ. 

— 

— 

— 

• — 

G.  Bird  . . . 

— 

— 

— 

— 

1020 

— 

— 

— 

— 

— 

— 

Becquerel  . . 

— 

43 

— 

— 

1-0189 

— 

— 

47 

— 

— 

1-0151 

— 

Routh,  eighteen 
observations  . 

20 

35 

50 

— 

1021 

mean  1-017 

According  to  the  older  estimates,  the  kidneys  seemed  to 
excrete  from  600  to  700  grains  of  solids  in  twenty-four  hours 
(mean  650,  Dr.  G.  Bird).  However,  all  the  late  authors 
coincide  in  making  1020  the  average  specific  gravity  of  urine, 
and  if  of  this  urine  from  1400  to  1600  grammes  (49  to  56 
fi.  oz.)  are  discharged  during  twenty-four  hours,  the  gravi- 
metrical method  gives  a mean  amount  of  solids  of  from  55  to 
66  grammes,  or  850  to  1020  grains  for  twenty-four  hours. 

100  kilogrammes  of  individual  discharge  on  an  average 
4T  grammes  of  solids  per  hour,  100  centimetres  discharge 
1*5  grammes  (Vogel). 

For  the  generality  of  diseases  the  gravimetry  of  urine  gives 
very  meagre  results  as  yet,  but  there  can  be  no  doubt  in  the 
abstract  that  an  accurate  knowledge  of  the  whole  amount  of 
solids  would  be  of  high  practical  value  in  every  case  of  ill- 
ness. The  amount  of  nourishment  acquired  from  ingested 
food,  the  intensity  of  the  destruction  of  matter  serving  the 
purposes  of  life,  as  found  by  the  comparison  of  times  and 
quantities,  the  activity  of  the  secreting  organs  themselves — 
all  these  factors  arc  summed  up  in  the  total  quantity  of  solids 
contained  in  the  urine.  It  is  natural  then  that  in  disease 
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generally , where  little  solid  food  is  being  taken,  the  amount  of 
solids  sinks  from  the  daily  60  to  50  and  40  grammes  (600  grains) , 
and  even  then  is  made  np  less  of  the  produce  of  the  destruc- 
tion of  fresh  nourishment  in  the  blood  and  muscles  than  of 
disintegrated  tissues  and  their  interstitial  juices;  in  other 
words,  is  formed  mostly  at  the  expense  of  the  body,  as  is 
entirely  the  case  in  simple  inanition.  A patient  lives  on  his 
own  fat  partly  during  his  illness,  as  the  proverb  says,  like  a 
badger  during  the  winter.  The  consequences  are  clear — 
emaciation. 

I have  now  spoken  of  disease  generally ; and  the  remarks 
made  of  course  apply  to  the  two  great  classes  of  disease, 
acute  and  chronic,  with  equal  force.  But  the  fluctuations 
in  the  amount  of  solids  occurring  in  both  are  of  a very  dif- 
ferent prognostic  value ; for  in  chronic  disease,  with  a limited 
amount  of  solids,  a rise  in  their  amount  is,  as  a general  rule, 
a forerunner  of  considerable  and  mostly  lasting  improvement, 
and  indicates  that  the  chemistry  of  the  body  is  actively 
employed  in  renewing  the  material  of  the  organs  and  recti- 
fying their  functions.  To  this  rule  diabetes  mellitus  alone 
forms  an  exception,  where  a rise  in  the  amount  of  solids 
indicates  an  exacerbation  of  the  disease ; and,  in  this  respect, 
diabetes  forms  the  transition  from  chronic  to  acute  disease, 
in  which,  on  the  whole,  a rise  in  the  amount  of  solids  in  the 
urine  during  the  acme  is  an  unfavorable  symptom,  indicating 
an  excessive  disintegration  of  the  tissues  and  juices  of  the 
body,  which  must  necessarily  lead  to  exhaustion  of  the  ma- 
terial substrata  of  life.  Under  all  circumstances,  a constant 
and  gradual  decrease  of  the  amount  of  solids  is  as  unfa- 
vorable a symptom  as  the  decrease  of  the  total  quantity  of 
urine  discharged,  because  it  indicates  the  decay  of  life,  and 
a probable  fatal  termination  of  the  case. 

The  indications  of  the  solids  become  more  varied  as  soon 
as  they  are  considered  with  relation  to  the  amount  of  other 
excreta.  First,  as  regards  the  amount  of  water  by  which 
they  are  accompanied  in  the  urine,  four  distinct  classes  of 
cases  must  be  borne  in  mind.  If  a very  small  amount  of 
solids  is  contained  in  a similar  amount  of  water,  we  may 
conclude  upon  a corresponding  amount  of  anaemia  in  the 
individual,  always  provided  that  disease  of  the  kidney  be  not 
present.  In  the  latter  case,  a small  amount  of  solids  indi- 
cates the  retention  of  urea,  which  may  probably  end  in 
uraemia. 

If  a small  amount  of  solids  is  contained  in  a larger  or 
large  amount  of  water,  it  may  possibly  be  the  consequence 
of  excess  of  drink  of  some  kind.  Many  cases  of  hysteria, 
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of  anaemia  with  hysterical  symptoms,  are  accompanied  by 
this  description  of  urine.  It  is  the  essential  symptom  of  a 
decided  improvement  in  many  cases  of  hydraemia  and  dropsy, 
and  when  it  occurs  in  a patient  with  no  particular  cause  to 
account  for  it,  it  has  properly  been  termed  hydruria.  Of  this 
disease  Professor  Yogel  observed  a very  decided,  and  therefore 
illustrative  case.  A man,  thirty-five  years  of  age,  of  a power- 
ful frame,  and  suffering  from  rheumatism  of  the  neck,  dis- 
charged a quantity  of  urine,  amounting  to  2983  c.c.  (104  fl.  oz.) 
per  day  in  the  mean  of  twenty-four  days.  But  its  specific 
gravity  was  very  low,  varying  between  1005  and  1012; 
and  the  average  quantity  of  solids  discharged  per  day 
accordingly  only  amounted  to  42  grammes  (630  grains). 
This  case  was  therefore  clearly  one  of  hydruria.  The  patient 
did  not  seem  to  suffer  under  this  excessive  discharge 
of  fluid. 

When  the  amount  of  solids  becomes  larger,  but  still  re- 
mains below  the  standard  of  health,  and  the  amount  of  water 
is  at  the  same  time  diminished— in  other  words,  in  diseases 
with  a small  amount  of  urine  of  high  specific  gravity — the 
acuteness  of  the  pathological  process  is  clearly  indicated. 
Beginning  with  the  physiological  excessive  perspiration,  there 
are  many  pathological  conditions,  as  the  sweat  of  fever,  thirst, 
starvation,  diarrhoea,  and  fever  of  essential  or  symptomatic 
nature,  of  which  this  condition  of  urine  is  a regular  symp- 
tom. 

In  the  fourth  class  of  cases,  both  the  solids  and  the  water 
of  the  urine  are  present  in  excess.  They  form  a special  and 
specific  class  of  diseases,  to  which  the  generic  name  of 
diabetes  has  been  given.  The  genus  has,  however,  only  two 
species,  of  which  the  one  is  distinguished  by  the  presence  in 
the  urine  of  sugar,  and  therefore  goes  by  the  name  of  diabetes 
mellitus ; the  other  subdivision  comprises  cases  where,  in  a 
large  amount  of  water,  the  increased  amount  of  solids  is 
made  up  of  other  solids  than  sugar,  termed  diabetes  insipidus. 
In  both  classes  of  diabetes,  the  wear  of  the  body  is  con- 
siderable, and  cither  at  intervals,  or  throughout  the  course 
of  the  disorder,  surpasses  the  amount  of  nutriment  taken  in. 
Diabetes  mellitus,  from  its  chemical  interest,  and  the  facility 
with  which  it  may  be  artificially  produced  in  animals,  has 
been  favoured  with  more  attention  of  late  than  diabetes  in- 
sipidus, a disease  with  which  perhaps  many  difficult  cases  of 
hysterical  anaemia  and  intractable  ailments  will  have  to  be  classed 
hereafter.  If  the  total  quantity  of  urine  amounts  to  more  than 
3000  c.c.  (105  fl.  oz.)  per  day,  and  if  the  specific  gravity 
shows  an  excessive  amount  of  solids,  ranging  from  the  normal 
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60  grammes  (926  grains)  up  to  130  grammes  (2006  grains), 
or  even  more,  giving  on  an  average  about  80  grammes 
(1234  grains)  per  day,  we  may  then  with  perfect  safety 
ascribe  the  excessive  destruction  of  the  constituents  of  the 
body  to  this  excesssive  secretion,  and  place  to  its  account  a 
number  of  symptoms  usually  following  in  its  train,  such  as 
the  pale  looks  and  the  headache  of  anaemia,  vertigo,  the 
tenderness  of  certain  dorsal  vertebrae  on  pressure,  and  spasms 
in  the  muscles  of  the  neck,  such  as  were  observed  by  Yogel 
in  a marked  case  of  this  description. 

We  have  now  considered  in  its  bearings  the  observation  of 
the  amount  of  solids  in  relation  to  the  water  in  which  they 
are  contained ; it  only  remains  to  draw  attention  to  the 
important  conclusions  to  be  derived  from  comparing  the 
amount  of  solids  secreted  by  the  kidneys  with  the  excreta  of 
the  skin,  lungs,  and  bowels.  In  many  cases  of  dropsy,  the 
bowels  will  spontaneously  compensate  partly  for  a diminished 
discharge  of  urine ; and  it  is,  in  fact,  by  this  vicarious  dis- 
charge that  drastic  purgatives  are  of  service  in  disease  of  the 
kidneys.  The  skin  will  eliminate  urea  in  cholera  in  such 
quantities  that  it  may  be  collected  by  washing  and  crystalli- 
zation, and  its  amount  may  even  be  determined.  The  lungs 
will,  perhaps,  in  many  cases  take  on  increased  action,  and 
discharge,  not  only  water,  but  also  carbonic  acid,  to  compen- 
sate for  a diminished  secretion  by  the  kidneys  and  skin.  A 
diminution  in  the  amount  of  solids  in  the  urine  requires 
therefore  to  be  checked  by  the  amount  of  vicarious  dis- 
charges. And  should  we  be  able  to  determine  at  the  same 
time  the  amount  of  the  ingested  nutritive  matters,  we  should 
at  once  be  in  a position  to  balance  the  income  and  expendi- 
ture of  the  body,  and  thereby  not  only  to  foresee  the  pro- 
bable result,  but  also  to  be  in  possession  of  the  indication 
for  part  of  our  treatment.  But  in  this  direction  so  much 
remains  to  be  ascertained  by  fact,  that  it  would  be  dangerous 
to  the  practical  tendency  of  these  pages  to  mix  up  prospec- 
tive speculation  with  the  real  advantages  to  be  derived  from 
observation  of  the  amount  of  solids  discharged  in  the  urine. 
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The  best  physiological  definition  of  urea  is  perhaps  the 
following:  Urea  is  the  principal  product  of  the  metamor- 

phosis in  the  body  of  nitrogenized  food.  It  is  essentially 
excretory  matter,  incapable  of  any  longer  serving  the  purposes 
of  life,  because  it  cannot  be  more  highly  oxydized;  and 
when  retained  becomes  a poison  to  the  system,1  both  directly, 
and,  perhaps,  by  the  products  of  its  decomposition.  Its 
regular  occurrence  in  healthy  blood,  and  in  the  juice  of  flesh 
of  animals  and  man,  has  established  the  opinion  that  it  is 
formed  in  the  tissues  (muscles),  and  carried  by  the  blood  to 
the  kidneys  to  be  discharged.  Hence,  when  the  action  of 
the  kidneys  is  partially  or  totally  suspended,  urea  naturally 
accumulates  in  the  blood,  and  accompanies  the  serum  effused 
into  the  cellular  tissue  and  the  cavities  of  the  body.2  In  this 
way  its  occurrence  in  the  dropsical  fluid  of  Bright’s  disease, 
as  first  discovered  by  Rayer  and  Guibourt,3  and  confirmed  by 
subsequent  observers,4  and  in  the  blood  of  animals  after  ex- 
tirpation of  the  kidneys  (Prevost  and  Dumas),  is  satisfac- 
torily explained.  In  cholera  the  condition  of  the  blood  forms 
the  obstacle  to  the  excretion  of  urine,  and  in  consequence 
urea  is  found  in  the  blood,5  and  in  the  viscid  perspiration 
of  the  skin.  Urea  has  been  discovered  in  the  vitreous 
and  aqueous  humours  of  the  eye.6  It  has  been  found  in  the 

1 Galiois,  ‘ Essai  physiologique  sur  L’Uree  et  les  Urates.’  These  offerte 

a la  Soc.  d.  Pharrn.  ‘ Journ.  de  Pharm.  et  de  China.,’  3me  ser.,  tome  xxxii, 
p.  64.  ‘ De  Faction  toxique  de  l’Uree.’ 

2 S.  Picard,  1 De  la  presence  de  l’Urce  dans  le  sang,  et  de  sa  diffusion  dans 
l’organisme.’  ‘These.  Strasbourg,’  1856,  Canstatt’s  Jahresber.,  p.  169. 

3 Desire,  ‘ Gaz.  Med.  de  Paris,’  1836,  Juill. 

4 Marchand,  Muller’s  ‘ Archiv,’  1837,  p.  440. 

5 Marchand,  Erdmann’s  ‘ Journal,’  1837,  xi,  p.  449. 

Millon,  1 Compt.  Rend.,’  xxvi,  p.  121. 
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liquor  amnii  by  Wohler,1  but  is  certainly  present  in  excep- 
tional cases  only,  as  I have  shown  in  an  essay  to  which  the 
Faculty  of  Medicine  of  the  University  of  Heidelberg  awarded 
a prize  medal. 

I must  not  overlook  some  observations  said  to  be  made  of 
the  occurrence  of  urea  in  milk,  in  blister-serum,  in  the  per- 
spiration of  persons  with  diseased  kidneys,  and  in  the  copious 
evacuations  from  the  intestines  of  such  patients,  produced  by 
the  action  of  elaterium. 

If  we  had  been  favoured  by  the  authors  of  these  statements 
with  the  particulars  of  the  process  adopted  for  obtaining  the 
urea,  and  of  the  proofs  that  the  substances  obtained  were 
really  urea  and  nothing  else,  there  would  be  no  difficulty 
either  in  admitting  these  observations,  or  rejecting  them  upon 
the  basis  of  analytical  criticism.  But  at  present  they  are 
mere  assertions,  the  correctness  of  which  can  in  no  way  be 
controlled.  The  greatest  chemists  do  not  allow  themselves  to 
throw  assertions  upon  their  readers,  without  giving  the  whole 
of  their  analytical  proofs.  The  more  we  must  demand  similar 
and  even  more  stringent  proofs  of  men,  who,  whatever  their 
professional  standing,  must  acknowledge  themselves  more 
liable  to  error  than  a Berzelius,  a Graham,  or  a Liebig.  One 
fact  will  show  the  necessity  of  this  caution.  It  goes  the 
round  through  all  the  handbooks  and  encyclopaedias  of  all 
nations,  that  Marchand  found  urea  in  the  blood  of  the  cow  or 
calf.  The  indiscriminate  authors  do  not  inquire  how  he  found 
it.  On  referring  to  the  original  article,2  or  Gmelin’s  f Iland- 
buch,’  we  find  that  Marchand  concluded  upon  the  presence 
of  urea  from  the  crystallization  in  octahedra  of  the  chloride 
of  sodium.  We  now  know  that  that  occurrence  by  no  means 
justifies  us  in  the  assumption  even  of  the  merest  trace  of 
urea,  and,  consequently,  the  assertion  that  Marchand  found 
urea  in  the  blood  of  the  calf  is  devoid  of  foundation.  We 
could  not  have  corrected  this  error,  had  Marchand  been 
credited  with  his  statement  upon  the  mere  value  of  his  name 
as  a chemist. 

History. — Urea,  in  an  impure  state,  was  first  obtained  from 
urine  in  1773,  by  Rouelle,  jun.,  who  called  it  extractum 
saponaceum  urines.  It  wras  first  obtained  pure  by  Fourcroy 
and  Vauquelin  in  1799.  Its  chemical  composition  was 
doubtful,  even  after  its  decomposition  to  ammonia  and  cyanic 
acid  had  been  proved.  In  consequence  of  this  discovery,  a 
successful  attempt  was  made  by  Liebig  to  produce  urea 
artificially ; and  we  are  now  in  possession  of  several  methods 

1 ‘ Ann.  d.  Cliem.  und  Pharm.,’  Iviii,  p.  98. 

2 Erdmann’s  ‘Journal,’  1838,  p.  500. 
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whereby  it  may  be  produced  in  any  quantity , and  more  pure 
than  it  can  be  obtained  from  urine,  without  much  difficulty. 

As  pure  urea  is  a necessary  instrument  for  preparing  the 
test-fluids  by  which  the  chlorides  and  urea  of  the  urine  are 
determined  quantitatively,  it  may  be  of  use  to  the  reader  to 
have  the  mode  of  artificially  making  urea  described  in  this 
place. 

Mix  intimately^  28  parts  of  dry  ferrocyanide  of  potassium  with 
14  parts  of  manganese,  and  heat  on  an  iron  sheet  plate  over 
an  open  fire,  until  the  mixture  ignites  and  is  slowly  burned 
through.  Extract  the  blackish-gray  mass  which  remains 
with  cold  water ; add  to  the  filtered  liquid  204  parts  of  dry 
sulphate  of  ammonia ; let  it  stand,  in  order  that  the  sulphate 
of  soda  may  crystallize ; separate  the  crystals  from  the  solu- 
tion containing  urea;  evaporate  the  latter  to  dryness,  and 
extract  with  alcohol,  which  leaves  the  rest  of  the  sulphates 
undissolved,  and,  on  evaporation,  gives  perfectly  pure  and 
white  urea. 

Two  new  methods  for  the  artificial  preparation  of  urea,  by 
Natanson  and  Rcgnault,  have  been  described.1 

Urea  is  formed  by  evaporating  a mixture  of  cyanic  acid 
and  ammonia  (H3N  + H0  + C2N0)  = (C2H4N202).  It  is  a 
product  of  the  decomposition,  by  oxydizing  agents,  such  as 
peroxide  of  lead,  of  uric  acid;  and,  by  another  process,  of 
creatine;  and  the  regularity  with  which  this  transformation 
is  effected  has  established  the  opinion  that  urea  is  contained 
in  uric  acid,  as  it  were,  in  a preformed  condition,  or  that  uric 
acid  is  only  a preparatory  state  of  urea. 

Physical  properties. — Of  the  physical  properties  of  urea,  its 
form  of  crystallization  deserves  our  attention  for  a moment. 
The  crystals  of  artificial  urea,  or  of  urea  obtained  from  urine  by 
the  process  of  purification  to  be  described,  are  knoAvn  well 
enough  as  white  silky  needles,  or  white  transparent  prisms, 
square  on  section,  striated,  and  of  a silky  lustre.  One  or  two 
inclined  planes  form  the  ends  of  the  prisms.2  Much  more  per- 
fect crystals,  however,  than  are  obtained  by  any  of  these  modes, 
are  occasionally  produced  by  the  simple  spontaneous  evapora- 
tion of  a drop  of  urine  on  an  object-glass. 

The  urine  of  fever-patients,  which  has  a high  specific 
gravity,  and  contains  a very  small  proportion  of  inorganic 
salts,  is  very  suitable  for  this  experiment.  The  rapid  forma- 
tion of  the  prisms  and  their  combinations,  and  their  solubility 
in  water,  glycerine,  and  preserving  solutions,  ensures  the 

1 ‘ The  Lancet,’  July  26,  1856,  p.  144. 

2 Vide  Dr.  L.  Beale,  ‘ The  Micros,  in  Clin.  Med.,’  p.  264,  fig.  215.  Funke, 
‘Atlas  d.  phvs.  Chemie,’  taf.  ii,  fig.  4.  See  also  Plate  I,  fig.  1. 
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diagnosis.  They  polarize  with  a weak  blue  colour,  which  is 
much  like  the  glare  of  the  sea  in  moonlight. 

Urea  crystallizes  in  quadratic  prisms,  from  a solution  in 
water  with  a rectangular  terminal  plane,  from  a solution  in 
alcohol  with  octahedral  planes.  The  long  four-sided  prism 
becomes  six-sided  when  two  of  its  diagonal  edges  are 
replaced  by  two  vertical  planes  of  a secondary  prism,  and 
eight-sided  when  the  other  two  edges  are  also  replaced  by 
the  secondary  prism.  These  relations  must  be  borne  in  mind 
when  examining  crystallizing  solutions  under  the  microscope 
with  a view  to  diagnose  urea.  On  the  object-glass,  one  of 
the  planes,  by  coming  in  contact  with  the  surface,  is  pre- 
eminently large,  and  its  two  adjoining  planes  are  very  much 
narrower,  thus  showing  that  the  crystal  was  prevented  from 
growing  in  the  direction  of  the  glass.  A secondary  plane 
may  in  this  way  become  larger  than  its  diagonal  one,  and  one 
or  more  primary  planes  may  be  prevented  from  obtaining  the 
size  of  their  correlatives. 

Urea  is  colourless,  of  a bitterish,  cooling  taste,  like  saltpetre, 
which  has  been  mentioned  as  being  in  part  the  taste  of  urine. 
When  dry,  it  is  not  changed  by  exposure  to  the  air,  and  then 
attracts  very  little  moisture.  A pure  solution  in  water,  even 
when  dilute,  does  not  undergo  any  spontaneous  chemical 
change.  It  has  no  reaction  on  vegetable  pigments.  It  is 
soluble  in  its  own  weight  of  water  of  15°  C.,  in  five  parts  of 
alcohol,  of  0'816  specific  gravity,  at  the  ordinary  temperature 
of  the  air,  and  in  its  own  weight  of  boiling  alcohol.  It  is 
almost  insoluble  in  ether,  and  quite  insoluble  in  oil  of  turpen- 
tine. 

Decompositions. — Urea  may  be  decomposed  by  the  influence 
of  heat,  acids,  alkalies,  salts,  putrid  animal  matter,  and  yeast. 
When  exposed  to  a temperature  of  120°  C.  (248°  F.)  it  fuses, 
but  the  temperature  being  raised  a few  degrees,  ammonia  and 
carbonate  of  ammonia  are  evolved,  leaving  ammeline,  an 
amorphous  white  matter,  then  cyanate  of  ammonia,  cyanuric 
acid  and  its  derivatives,  until  at  last  the  residue  chars,  and 
on  raising  the  temperature  to  red  heat,  burns  without  leaving 
any  residue. 

Nitrous  acid,  and  nitric  acid  coloured  red  by  the  presence 
of  the  former,  decompose  urea  into  carbonic  acid,  nitrogen, 
and  water. 

C2H4N202  + 2N  03  = 2C02+4N  + 4H0. 

The  same  decomposition  is  produced  by  a solution  in  nitric 
acid  of  the  nitride  of  the  suboxyde  of  mercury.  This  decom- 
position is  employed  in  the  quantitative  analysis  of  Millon. 
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Urea,  when  fused  with  potash,  or  treated  with  concentrated 
sulphuric  acid,  is  transformed  into  carbonic  acid  and  ammonia. 

C2H4N202 + 2HO  = 2C02-f  2NH3. 

The  quantitative  analysis  of  Heintz  and  of  Ragsky  is  based 
upon  this  influence  of  sulphuric  acid  upon  urea. 

The  same  decomposition  of  urea  may  be  produced  by  the 
influence  of  heat  in  the  presence  of  water.  A solution  of  urea, 
when  enclosed  in  a glass  tube,  by  the  assistance  of  the  blow- 
pipe, and  kept  for  several  hours  in  an  oil  bath  or  well-regulated 
air  bath,  at  a temperature  of  140°  C.  (288°  F.),  will  decom- 
pose in  this  manner ; and  if  a sufficient  amount  of  hydrate  of 
baryta  be  present  in  the  tube,  the  decomposition  at  a tempe- 
rature of  from  210°  C.  (410°  F.)  to  240°  C.  (468°  F.)  will  be 
accelerated  by  the  alkali,  and  the  carbonic  acid  evolved  will 
be  immediately  fixed  by  the  baryta.  From  the  quantity  of 
carbon  ate  of  baryta  so  produced,  we  may  ascertain  the  quan- 
tity of  urea  present  in  the  fluid  before  the  experiment.  This 
is  the  process  employed  in  the  method  of  Bunsen. 

The  decomposition  of  urea  into  carbonic  acid  and  ammonia 
is  further  the  result  of  true  fermentation,  induced  by  ferments, 
such  as  yeast,  or  decomposing  mucus  of  the  urinary  bladder 
{vide  alkaline  urine,  p.  11),  or  any  other  putrefying  animal 
matter,  such  as  albumen. 

A solution  of  urea,  when  heated  with  caustic  lime,  or 
magnesia,  to  a temperature  of  above  50°  C.  (122°  F.),  will 
evolve  ammonia.  Below  50°  C.  (122°  F.),lime  and  magnesia 
exert  no  influence  upon  urea  in  solution,  and  may  therefore 
be  employed  with  safety  for  the  quantitative  analysis  of 
ammonia  in  urine. 

A solution  of  urea,  when  mixed  with  liquor  sod?e  chlorinatm, 
evolves  the  whole  of  the  urea  in  the  form  of  nitrogen,  car- 
bonic acid,  and  water.  As  the  carbonic  acid  is  immediately 
absorbed,  nitrogen  only  is  left,  the  bulk  of  which,  on  measuring, 
is  a ready  means  of  determining  the  amount  of  urea  of  which 
it  was  a part.  (Method  of  E.  W.  Davey.) 

A mixture  of  urea  and  nitrate  of  silver  in  solution  is  on 
evaporation  transformed  into  nitrate  of  ammonia  and  crystalline 
evanate  of  silver.  This  experiment  is  the  reverse  of  the  process 
by  which  urea  is  produced  artificially.  Its  formula  is  thus : 

C2H4N202  + AgO,  NO.,=  NH40,  NOs  + AgO,  CyO. 

Combinations  of  Urea. 

Urea  enters  into  combination  with  several  bases,  acids, 
and  salts.  Of  these  compounds,  those  are  of  great  impor- 
tance which,  by  being  insoluble  in  water  and  waterv 
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solutions,  enable  us  to  transform  dissolved  urea  into  a 
precipitate,  and  thereby  determine  its  quantity. 

Urea  and  proto  xyde  of  mercury? — a.  With  two  equivalents 

of  protoxyde  of  mercury.  U + 2HgO. — On  adding  to  a warm 
solution  of  urea,  oxyde  of  mercury  diffused  in  water,  we 
observe  the  first  portions  of  the  oxyde  to  be  perfectly  dis- 
solved; an  excess  of  the  oxyde  of  mercury  is  in  the  fluid 
gradually  changed  into  a white  or  yellowish- white  powder ; 
the  filtrate  from  the  latter,  after  the  elapse  of  twenty-four  hours, 
deposits  thin  hard  crusts  on  the  walls  of  the  vessel.  These 
crusts  and  the  powder  have  the  above  composition.  The 
preparation  frequently  contains  some  cyanate  of  mercury. 

+ 

h.  With  three  equivalents  of  protoxyde  of  mercury.  U 
+ 3HgO. — On  adding  to  a solution  of  urea,  caustic  potash, 
and  then  a solution  of  bichloride  of  mercury,  with  a re- 
newed addition  of  potash  ley,  so  that  the  fluid  is  always  kept 
alkaline,  a thick,  gelatinous,  snowy-white  precipitate  is  ob- 
tained, which,  when  perfectly  washed  out  and  in  its 
moist  condition  transferred  into  boiling  water,  transforms 
into  a sandy  or  granular  powder  of  a yellow  or  yellowish- 
white  colour.  After  drying  the  powder  is  reddish-yellow. 
When  heated  while  moist  it  frequently  explodes,  with  evolu- 
tion of  light,  water,  carbonate  of  ammonia,  and  metallic 
mercury.  The  powder  is  soluble  without  effervescence  in 
hydrocyanic  and  hydrochloric  acid ; in  the  latter  solution 
alkalies  produce  a whitish-yellow  precipitate. 

+ 

c.  With  four  equivalents  of  protoxyde  of  mercury.  U + 
4 HgO. — If,  instead  of  a solution  of  bichloride  of  mercury,  a 
solution  of  nitrate  of  protoxyde  of  mercury  is  precipitated  by 
an  alkaline  solution  of  urea,  a white  and  less  voluminous 
precipitate  is  obtained,  which  in  boiling  water  shrinks  to  a 
sandy  powder. 

+ 

Urea  and  chloride  of  sodium.  U +NaCl  + 2HO. — This 
salt  crystallizes  in  clino-rliombic  prisms  of  great  lustre,  when 
a mixture  of  solutions  of  urea  and  chloride  of  sodium  is  eva- 
porated. The  same  salt  is  obtained  in  large  coloured 
crystals  on  evaporation  of  human  urine.  (Strecker.) 

Urea  and  nitric  acid.  U -f  N05. — If  we  mix  a concentrated 
solution  of  urea,  or  urine  concentrated  by  evaporation,  with 
an  excess  of  colourless  nitric  acid,  the  mixture  will  imme- 
diately crystallize  into  an  almost  solid  mass  of  white  shining 
scales  or  plates  (yellow  from  urine)  of  nitrate  of  urea.  This 

l Liebig,  ‘Ann.  d.  Chem.  nnd  Phann.,'  lxxx,  p.  123;  Ixxxi,  p.  128  ; lxxxii, 
p.  232;  Ixxxv,  p.  189. 
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crystallization  may  be  completed  or  accelerated  by  exposing 
the  mixture  to  tlie  influence  of  cold — by  putting  it  into  ice 
or  a freezing  mixture. 

Nitrate  of  urea  crystallizes  in  the  rhombic  system.  If  a 
pure  crystallization  be  obtained,  the  rhombic  prisms  may  be 
seen  to  perfection.  Neubauer1  says  that  on  letting  pure 
nitric  acid  combine  with  urea  under  the  microscope,  flat 
rhombic  octahedra  are  formed  at  first,  which,  by  apposition 
of  crystalline  matter,  become  converted  into  rhombic  plates. 
This  metamorphosis,  however,  most  improbable  in  itself 
for  crystallographical  reasons,  has  not  been  observed  by  me, 
or  by  any  other  writer  on  the  subject  as  far  as  I know.  The 
rhombic  prisms  are  either  flat,  single,  and  primary,  or  com- 
binations of  several  prisms ; like  those  of  pure  urea,  becoming 
hexagonal,  and  ultimately  thin  plates.  (See  Plate  I.) 

The  nitrate  obtained  from  urine  directly,  almost  always 
crystallizes  in  large  plates,  of  which  many  lie  upon  each 
other,  mostly  with  their  principal  crystallographical  axes 
parallel  to  each  other.  This  parallelism  is  observed  also  in 
crystallizations  of  pure  urea : the  plates  only  show  the  pris- 
matic character  a little  moro. 

The  crystals  obtained  from  urine  are  pressed  between 
bibulous  paper,  until  the  paper  is  no  longer  stained.  They 
may  then  be  washed  on  a filter  with  some  water  containing 
a little  nitric  acid,  in  which  they  are  not  very  soluble,  and 
may  then  be  pressed  a second  time.  They  are  then  almost 
white,  and  of  a silky  gloss,  or  satin-like  lustre,  resembling 
mother-of-pearl. 

Nitrate  of  urea  is  not  changed  by  the  influence  of  the  air. 
It  is  soluble  in  water.  Heated  on  platinum  foil  it  explodes, 
when  the  temperature  has  been  raised  quickly  to  a high 
point ; but  if  only  heated  to  284°  F.  140°  C.  it  decomposes, 
carbonic  acid,  suboxyde  of  nitrogen,  urea,  and  nitrate  of 
ammonia  being  produced. 

+ — 

Urea  and  oxalic  acid.  U +0.  (2C2H4N20.„  C4H208  Gcr- 
hardt.) — Oxalic  acid  has  a stronger  affinity  for  urea  than 
nitric  acid,  so  that  when  it  is  added  to  a solution  of  the  ni- 
trate, oxalate  of  urea  will  be  formed,  which  not  being  very 
soluble  in  water  containing  nitric  acid,  is  precipitated. 
Oxalate  of  urea  crystallizes  in  rhombic  prisms  and  rhom- 
bic plates,2  some  varieties  of  which  arc  very  much  like  the  pris- 
matic plates  of  nitrate  of  urea.  But  frequently  the  oxalate  has 

' Loc.  cit.,  p.  7.  He  refers  to  Funke’s  ‘ Atlas,’  taf.  ii,  fig.  5 ; but  there  only 
prisms,  and  not  a single  octahedron,  are  to  be  seen. 

s Vide  Dr.  Beale,  ‘The  Microscope,’  p.  264,  fig.  214.  0.  Funke,  ‘ Atlas  ’ 

taf.  ii,  fig.  6.  Bowman,  ‘Med.  Chemistry',’  p.  5,  fig.  i. 
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more  tendency  to  produce  crystals  in  which  the  axes  are 
of  a more  equal  length ; these  crystals,  though  smaller  in 
outline,  have  then  more  body.  (See  Plate  I.)  To  the  naked 
eye  a precipitate  of  the  oxalate  of  urea  appears  as  a white 
crystalline  mass  of  plates.  This  salt  is  soluble  in  23  parts 
of  water  of  a temperature  of  59°  F.  (15°  C.),  hut  is  soluble 
in  a much  smaller  quantity  of  boiling  water. 

Urea  and  nitrate  of  mercury} — On  adding  to  a solution  of 
urea  a solution  of  nitrate  of  mercury,  a white  flocculent  pre- 
cipitate is  immediately  produced,  which  contains  urea,  oxyde 
of  mercury,  and  nitric  acid.  According  to  the  proportion  in 
which  both  solutions  are  mixed,  and  the  amount  of  free  acid 
contained  in  the  solution  of  mercury,  one  of  three  com- 
pounds or  a mixture  of  three  compounds  is  produced,  which 
are  distinguished  from  each  other  by  containing  different 
quantities  of  the  protoxyde  of  mercury. 

These  three  different  combinations  have  the  following  cha- 
racters in  common  : On  combustion  with  oxyde  of  copper  they 
develop  a mixture  of  gases,  in  which  nitrogen  and  carbonic 
acid  are  present  in  the  proportion  of  three  volumes  of  the  one 
to  two  volumes  of  the  other.  This  is  the  same  proportion  as 
in  the  nitrate  of  urea.  On  removing  the  oxyde  of  mercury 
by  sulphuretted  hydrogen,  there  remains  in  the  fluid  after 
filtration  from  the  precipitate,  pure  nitrate  of  urea,  which 
crystallizes  to  the  last  drop.  These  combinations,  therefore, 
only  differ  from  each  other  by  a varying  amount  of  protoxyde 
of  mercury ; they  are  entirely  soluble  in  hydrocyanic  acid 
and  hot  nitric  acid.  In  the  latter  solution,  potash  produces 
a white  precipitate.  If  the  dry  precipitate  of  one  of  them 
is  heated  for  a length  of  time  in  a current  of  warm  air,  a 
decomposition  takes  place;  it  assumes  a yellowish  colour, 
and  the  solution  in  nitric  acid  gives  now  a yellowish  precipi- 
tate with  potash.  The  formula)  of  these  three  combinations 
are — ' 

A.  N05,  U + 4HgO 

B.  N05,  U + 2HgO 

C.  N05,  U+3HgO 

From  these  formula),  and  the  manner  in  which  they  are 
decomposed  by  sulphuretted  hydrogen,  sulphuret  of  mercury 
being  precipitated  and  nitrate  of  urea  going  into  solution, 
we  may  consider  these  bodies  to  be  combinations  of  one 

1 Justus  Liebig,  ‘ Ueber  cine  neue  Methode  zur  Bestimmung  von  Kochsalz 
unci  Ilarnstoff  ira  Ham/  Ileidelb.,  1853.  ‘ Annal.  d.  Chem.  und  Phann./  lxxxv, 
p.  294. 
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equivalent  of  nitrate  of  urea,  with  four,  two,  and  three  equiva- 
lents of  the  protoxyde  of  mercury  respectively.  The  first  of 
these  combinations  is  produced  in  the  quantitative  analysis  of 
urea  in  the  urine. 


Diagnosis  of  Urea  in  Urine  and  other  Animal  Fluids. 

To  demonstrate  the  presence  of  urea  urine,  the  fol- 
lowing modified  method  of  Liebig 1 should  he  adopted : A 
quantity  of  urine  should  he  mixed  with  about  half  its  volume 
of  a solution  of  baryta  (consisting  of  two  volumes  of  satu- 
rated solution  of  baryta  or  baryta  water,  and  one  volume  of 
a saturated  solution  of  nitrate  of  baryta),  or  a quantity  of 
that  solution  sufficient  to  precipitate  the  phosphoric  and  sul- 
phuric acids.  The  fluid  is  then  filtered  from  the  precipitate, 
neutralized  with  nitric  acid,  and  evaporated  to  dryness  on  the 
water  hath ; the  residue  is  extracted  with  alcohol ; the  alco- 
holic extract  is  again  evaporated,  and  exhausted  a second 
time  with  absolute  alcohol.  This  last  solution  contains  the 
urea  very  pure,  so  that  it  crystallizes  out  in  colourless  needles. 
This  process  may  he  employed  for  producing  urea  directly 
from  urine  without  precipitating  it  by  either  nitric  or  oxalic 
acid,  and  may  serve  as  a mode  of  finding  the  quantity  of 
urea  in  any  fluid,  particularly  when  the  apparatus  and  test- 
fluids  of  the  Centigrade  analysis  should  happen  not  to  he  at 
hand. 

The  presence  of  albumen  in  urine  requires  a modifica- 
tion of  this  process.  It  is  not  advisable  to  remove  the 
albumen  by  boiling,  with  the  addition  perhaps  of  some  drops 
of  acetic  acid,  in  cases  where  accuracy  is  desired.  For  albu- 
men, on  passing  from  its  dissolved  into  an  insoluble  condition, 
incloses  into  its  substance  a certain  amount  of  urea,  which 
cannot  afterwards  be  separated  from  it  without  great  loss  of 
time  and  trouble.  This  fact  must  always  be  borne  in  mind 
in  analysing  fluids  containing  a small  amount  or  only  a trace 
of  urea ; as  in  that  case  the  whole  of  the  urea  may  adhere 
to  the  coagula  of  albumen,  and  the  fluid  may  appear  to  have 
contained  no  urea  at  all ; or  urine  may  in  this  way  be  made 
to  appear  to  contain  a smaller  amount  of  urea  than  it 
actually  does.  To  avoid  erroneous  conclusions,  therefore, 
albuminous  urine,  after  precipitation  with  the  solution  of 
baryta,  should  be  extracted  with  absolute  alcohol,  which, 
having  a stronger  affinity  for  urea  than  albumen  has,  takes 


' Loc.  cit.,  p.  23. 
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tlie  former  into  solution  in  the  same  moment  as  it  renders 
the  albumen  insoluble.  The  alcoholic  extract  may  then  be 
evaporated  to  the  bulk  of  the  urine  employed,  and  the  amount 
of  urea  determined  by  means  of  the  mercurial  test-fluid ; or 
it  may  be  evaporated  to  dryness,  the  residue  extracted  a 
second  time,  when,  on  a second  evaporation,  the  whole  of 
the  urea  will  be  obtained  in  a crystalline  state  ready  for 
weighing. 

It  is  mainly  owing  to  the  oversight  of  this  fact  that  urea 
has  not  been  found  either  in  blood  or  in  the  juice  of  flesh 
by  many  observers,  since  it  is  always  present  in  both. 

Liebig’s  Method  of  ascertaining  the  Absolute  Quantity  of 

Urea  in  Urine d 

This  mode  of  ascertaining  the  quantity  of  urea  dissolved 
in  urine  is  equal  in  accuracy  to  any  hitherto  in  use,  but  has 
the  great  advantage  over  them  of  requiring  much  less  time 
for  its  execution,  and  no  particular  ability  on  the  part  of  the 
operator — two  circumstances  which  pre-eminently  qualify  it 
as  a means  for  the  diagnosis  of  certain  pathological 
conditions  of  the  system.  It  is  based  upon  the  property 
of  urea  to  be  precipitated  by  the  addition  of  nitrate  of 
mercury,  in  combination  with  one  equivalent  of  nitric  acid 
and  four  equivalents  of  the  oxyde  of  mercury,  three  equiva- 
lents of  nitric  acid  remaining  free  in  solution. 

On  gradually  adding  to  a dilute  solution  of  urea  a dilute 
solution  of  nitrate  of  mercury,  and  neutralizing  the  free  acid 
of  the  mixture  from  time  to  time,  by  the  addition  of  some 
baryta  water  or  a dilute  solution  of  carbonate  of  soda,  a 
flocculent,  bulky,  snowy-white  precipitate  is  obtained,  which 
is  insoluble  in  water.  If  the  alternate  addition  of  the  nitrate 
of  mercury  and  carbonate  of  soda  be  continued  as  long  as  a 
precipitate  is  formed,  there  will  be  a point  at  which  the 
mixture,  or  the  spot  where  the  drop  of  the  solution  of  the 
carbonate  falls  into  the  mixture,  will  assume  a yellow  colour, 
owing  to  the  formation  either  of  oxyde  of  mercury,  or 
basic  nitrate  of  mercury,  or  carbonate  of  mercury.  If 
the  fluid  is  now  filtered,  it  does  not  any  longer  contain  any 
appreciable  quantity  of  urea ; the  whole  of  the  urea  has  been 
precipitated.  The  precipitate  is  composed  of  one  equivalent 
of  urea  and  four  equivalents  of  oxyde  of  mercury.  By  mix- 
ing solutions  of  urea  and  nitrate  of  mercury,  both  of  known 
strength,  we  can  easily  convince  ourselves  that  precipitation 


1 Liebig,  loc.  cit.,  p.  19. 
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of  the  yellow  oxyde  or  carbonate  by  the  addition  of  carbonate 
of  soda  does  not  take  place  until  Ave  have  added,  for  ten 
parts  of  urea  in  the  solution  of  urea,  a volume  of  the  solu- 
tion of  mercury,  in  which  there  are  contained  seventy-seven 
parts  of  the  oxyde  of  mercury.  This  amounts  to  four  equiva- 
lents of  the  oxyde  for  one  equivalent  of  urea. 

If  we  continue  adding  a solution  of  nitrate  of  mercury  to 
a solution  of  urea  so  long  as  a precipitate  is  produced,  the 
mixture  will  remain  white  on  the  addition  of  carbonate  of 
soda.  But  if  the  original  mixture  be  alloAved  to  stand  for 
several  hours,  the  precipitate  after  the  lapse  of  that  time  will 
have  changed  its  properties,  and  have  become  crystalline.  One 
may  now  easily  recognise  the  six-sided  plates  of  the  combi- 
nation of  urea  with  one  atom  of  nitric  acid  and  three  atoms 
of  the  oxyde  of  mercury ; and  the  clear  fluid  which  stands 
over  the  precipitate,  and  which,  on  the  admixture  of  an 
alkali,  gave  a white  precipitate,  is  now  precipitated  yellow  by 
the  same  alkalies.  In  the  acid  fluid  the  combination,  con- 
taining four  atoms  of  the  oxyde  of  mercury  and  one  of  nitric 
acid,  is  reduced  to  a combination  containing  less  oxyde,  be- 
cause a part  of  the  oxyde  is  redissolved  by  the  free  acid  of  the 
fluid. 

In  order  to  recognise  whether  an  amount  of  the  solution 
of  the  nitrate  of  mercury  sufficient  to  produce  the  combina- 
tion of  urea  Avith  four  atoms  of  the  oxyde  of  mercury  has 
been  added,  the  neutralization  with  carbonate  of  soda  after 
the  addition  to  the  solution  of  urea  of  the  mercurial  solution 
becomes  necessary.  If  a drop  of  the  mixture,  when  added  to 
a drop  of  a solution  of  carbonate  of  soda  on  a watch-glass,  or 
on  a flat  piece  of  glass,  remains  white,  we  may  be  quite  sure 
that  there  still  is  uncombined  urea  in  the  mixture.  When, 
hoAvever,  on  the  tAVO  drops  mixing,  a yellow'  pellicle  is  pro- 
duced, then  we  have  added  a sufficient  amount,  or  rather  a 
little  more  than  sufficient,  of  the  mercurial  solution  to  pre- 
cipitate the  Avhole  of  the  urea.  It  requires  only  a small 
excess  of  the  salt  of  mercury  to  indicate  that  the  quantity 
sufficient  to  precipitate  all  the  urea  has  been  added.  It  is 
therefore  evident,  that  if  wc  know  the  amount  of  mercury 
contained  in  the  solution  of  it,  Ave  may,  from  the  quantity  of 
this  solution  used  for  precipitating  urea  in  the  manner*  de- 
scribed, determine  the  quantity  of  urea  contained  in  solution; 
or  if,  for  precipitating  a known  quantity  of  urea,  say  100 
milligrammes,  Ave  have  used  a certain  volume  of  the  solution 
of  mercury,  this  same  volume  of  the  same  solution  Avill 
indicate  the  same  quantity  of  urea  in  fluids  containing  an 
unknoAvn  amount  of  urea.  From  the  volume  of  the  mer- 
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curial  solution  used  in  this  way,  tlie  amount  of  urea  present 
may  then  be  calculated ; a consumption  of  half  the  volume 
shows  half  the  amount  of  urea,  of  twice  the  volume  double 
the  quantity  of  urea,  to  be  contained  in  the  fluid. 

The  results  obtained  by  this  analysis  are  equal  in  accuracy 
to  those  obtained  by  the  methods  of  Bunsen  and  Ragsky ; 
but  these  latter  methods,  though  giving  excellent  results,  are 
not  available  for  practical  purposes,  on  account  of  the  time 
and  attention  required  to  carry  out  the  operations.  If  it  be 
required  to  make  many  analyses  of  urea  at  one  and  the  same 
time,  the  method  of  Bunsen  may  not  take  more  time  than 
that  of  Liebig  above  described,  though  the  operator  must  be 
expert  at  weighing,  and  not  lose  much  time  with  the  scales, 
or  this  one  proceeding  will  take  as  much  time  as  the  whole 
of  the  titre  analysis.  As  the  analysis  of  Bunsen  is  not  only 
absolutely  correct,  but  also  a beautiful  conception,  I have 
lower  down  given  it  in  full ; that  of  Ragsky  being,  though 
good,  not  easy  of  application,  is  omitted. 

Preparation  of  the  Solution  of  Mercury  for  precipitating  Urea 

from  Urine. 

Four  grammes  of  pure  urea  are  first  dissolved  in  water, 
and  this  solution  is  diluted  with  water  to  exactly  the  bulk  of 
200  c.c.  By  dissolving  four  grammes  of  urea  in  200  c.c. 
of  water,  20L75  c.c.  of  solution  would  be  obtained,  being 
L75  c.c.  in  excess. 

Of  the  solution  of  nitrate  of  mercury,  which  is  to  serve 
for  the  purpose  of  precipitating  urea  from  the  urine,  20  c.c. 
are  to  be  just  sufficient  to  indicate  exactly  the  amount  of 
urea  contained  in  10  c.c.  of  the  solution  just  described, 
namely,  200  milligrammes  of  urea;  one  cubic  centimetre, 
therefore,  of  the  mercurial  solution  must  correspond  with  10 
milligrammes  of  urea.  To  this  end,  the  solution  of  mercury 
must  contain  an  amount  of  oxyde  sufficient  to  produce,  with 
10  milligrammes  of  urea,  the  nitrate  containing  four  equiva- 
lents of  the  oxyde  of  mercury,  and  further,  it  must  contain 
a trifling  excess  of  the  oxyde  of  mercury,  in  order  to  indicate 
the  complete  precipitation  of  the  urea.  This  is  the  case 
when,  after  the  addition  of  the  last  drop  of  the  10  c.c.  of 
the  mercurial  solution  to  the  solution  of  urea,  a solution  of 
carbonate  of  soda  produces  a distinctly  yellow- coloured  pre- 
cipitate. 

According  to  calculation,  100  milligrammes  of  urea  require 
for  precipitation  720  milligrammes  of  the  oxyde  of  mercury 
(in  the  form  of  nitrate)  ; but  in  order  to  produce  a distinct 
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reaction  of  oxyde  of  mercury  in  dilute  solutions  of  urea,  the 
10  c.c.  of  mercurial  solution  necessary  to  precipitate  the 
100  milligrammes  of  urea  must  contain  an  excess  of  oxyde 
amounting  to  52  milligrammes,  or  in  all  772  milligrammes 
of  oxyde.  Every  cubic  centimetre  of  the  solution,  therefore, 
must  contain  an  excess  of  5*2  milligrammes  of  oxyde. 

The  simplest  mode  of  obtaining  the  test-fluid  is  by  dis- 
solving in  a beaker-glass  one  part  of  pure  metallic  quicksilver 
in  five  parts  of  nitric  acid  of  1 '425  specific  gravity,  and  fre- 
quently adding  a little  nitric  acid,  keeping  the  mixture  at  a 
gentle  heat,  until  the  evolution  of  vapours  of  nitrous  acid 
has  entirely  ceased.  The  solution  is  then  evaporated  on  the 
water  bath  until  it  assumes  the  consistence  of  a syrup.  This 
syrup  is  then  diluted  with  water  until  100  c.c.  of  this  dilute 
fluid  contain  exactly  7*140  grammes  of  mercury.  This  is 
the  case,  if  100  grammes  of  mercury,  after  transformation 
into  the  nitrate  of  the  protoxyde,  are  dissolved  in  so  much 
water  that  the  bulk  of  the  solution  amounts  to  exactly  1400 
c.c. 

If  we  use  for  the  preparation  of  the  protoxyde  the  crystal- 
lized nitrate  of  the  suboxyde  of  mercury,  which  may  with 
greater  facility  be  obtained  pure  and  is  more  free  from  other 
metals  than  metallic  mercury,  the  concentrated  solution  of 
the  protoxyde  obtained  is  of  unknown  strength.  The 
quantity  of  protoxyde  contained  in  it  must  therefore  be 
determined ; and  this  being  done,  the  solution  is  to  be  diluted 
to  the  strength  already  stated. 

There  are  several  methods  of  finding  the  amount  of  prot- 
oxyde of  mercury  contained  in  a solution  of  the  nitrate.  It 
mav  be  found  in  a direct  way  by  diluting  a known  volume 
of  the  concentrated  solution  or  syrup  with  ten  volumes  of 
water,  and  precipitating  the  protoxyde  of  10  c.c.  of  this 
solution  by  the  addition  of  potassa.  Or  a precipitate  of 
the  sulphide  of  mercury  may  be  obtained  by  mixing  the 
nitrate  with  a solution  of  sulphate  of  soda,  and  decomposing 
the  precipitated  sulphate  of  protoxyde  of  mercury  by  a cur- 
rent of  sulphuretted  hydrogen. 

A third  proceeding,  which  dispenses  with  scales,  is  the 
following : 

Episode : Mode  of  ascertaining  the  amount  of  protoxyde  of 
mercury  contained  in  a solution  of  nitrate  of  mercury. — 
On  mixing  a solution  of  the  nitrate  of  protoxyde  of  mer- 
cury with  a solution  of  phosphate  of  soda,  a white  floccident 
precipitate  of  phosphate  of  protoxyde  of  mercury  is  imme- 
diately produced,  which,  on  being  allowed  to  stand  in  the 
liquid,  rapidly  becomes  crystalline. 
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A solution  of  corrosive  sublimate  may,  however,  be  mixed  with 
the  alkaline  phosphate,  without  any  turbidity  being  produced. 

If  to  the  mixture  of  the  two  first-mentioned  salts  we  add 
a solution  of  chloride  of  sodium,  before  the  precipitate  has 
had  time  to  become  crystalline,  the  latter  immediately  decom- 
poses with  the  chloride  of  sodium,  corrosive  sublimate  and 
phosphate  of  soda  being  produced ; the  precipitate  dis- 
appears, and  the  fluid  becomes  perfectly  clear. 

This  test  is  the  basis  of  the  following  method,  by  which 
the  amount  of  protoxyde  of  mercury  contained  in  a solution  of 
the  nitrate  may  be  ascertained  with  tolerable  accuracy.  One 
equivalent  of  phosphate  of  mercury  requires  for  its  redis- 
solution one  equivalent  of  chloride  of  sodium.  It  follows 
from  this  that  if  we  know  the  amount  of  chloride  of  sodium 
which  it  has  been  necessary  to  add  for  redissolving  the  phos- 
phate of  mercury,  we  also  know  the  amount  of  protoxyde 
contained  in  the  solution  of  the  nitrate. 

As  the  equivalent  of  the  chloride  of  sodium  is  only  about 
one  half  of  that  of  the  protoxyde  of  mercury,  a slight  error 
in  the  addition  of  the  chloride  of  sodium  will  be  doubled  in 
the  calculation  of  the  mercury.  This  analysis  is  therefore 
not  so  accurate  as  its  reverse,  the  determination  of  chloride 
of  sodium  by  the  mercurial  solution.  But  it  is  sufficiently 
accurate  for  the  purpose  here  intended. 

Episode  in  episode  : Preparation  of  the  standard  solution  of 
chloride  of  sodium  to  be  employed  in  ascertaining  the  amount 
of  mercury  in  solution. — A saturated  solution  of  chloride  of 
sodium  is  first  prepared  by  pouring  water  over  pure,  trans- 
parent rock  salt  in  coarse  pieces,  and  letting  it  stand  for 
solution  at  a temperature  of  from  54°  to  75°  F.  (12’2  to 
23,9°C.)  If  the  mixture  be  frequently  shaken  it  will,  after 
the  elapse  of  twenty-four  hours,  be  perfectly  saturated,  and 
in  every  case  will  contain  an  invariable  amount  of  salt, 
viz.,  3T84  grammes  in  every  10  c.c.  The  solution,  after 
decanting  and  filtering,  is  ready  for  use. 


Of  this  solution  we  take  with  a pipette 
And  add  water 

Whereby  we  obtain  of  dilute  solution 
of  chloride  of  sodium 


20  0 c.c. 
566‘8  c.c. 


586'8  c.c. 


Which  in  all  contain  6368  milligrammes  of  chloride  of  sodium, 
viz.,  the  amount  contained  in  20  c.c.  of  the  saturated  solu- 
tion. In  10  c.c.  of  this  dilute  solution  there  are  consequently 
contained  108’52  milligrammes  of  chloride  of  sodium,  corre- 
sponding to  200  milligrammes  of  protoxyde  of  mercury  (1  c.c. 
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dilute  solution =20  milligrammes  of  protoxyde  of  mercury). 
This  calculation  is  based  upon  the  equivalents  of  protoxyde  of 
mercury  =108,  and  chloride  of  sodium  = 58‘6,  which  stand  to 
each  other  in  the  same  proportion  as  200  of  the  oxyde  to 
108'52  of  chloride  of  sodium. 

Mode  of  ascertaining  amount  of  protoxyde,  fyc.  (continued) . 
— In  order  to  determine  with  some  degree  of  accuracy  the 
amount  of  oxyde  contained  in  a solution  of  the  nitrate,  the 
latter  must  not  be  too  concentrated,  partly  because  a larger 
bulk  admits  of  more  accurate  measurement,  partly  because 
the  end  of  the  reaction  is  much  more  perceptible  in  dilute 
than  in  concentrated  fluids.  It  is  therefore  desirable  that 
the  mercurial  solution,  which  is  to  serve  for  the  test,  should 
in  10  c.c.  not  contain  more  than  from  180  to  200  milli- 
grammes of  protoxyde  of  mercury. 

The  following  preliminary  experiment  is  therefore  made, 
for  the  purpose  of  ascertaining  the  concentration:  100  c.c. 
of  the  solution  of  chloride  of  sodium  are  mixed  with  -TO  c.c. 
of  a solution  of  phosphate  of  soda  (the  officinal  salt)  satu- 
rated at  the  ordinary  temperature.  To  this  mixture  the 
mercurial  solution  is  now  poured  from  a burette,  until  a 
precipitate  is  formed  which  does  not  disappear  on  shaking 
the  fluid.  Let  us  suppose  that  we  have  used  for  that  pur- 
pose 2’4  c.c.  of  the  mercurial  solution;  they  accordingly 
contain  200  milligrammes  of  oxyde ; 10  c.c.  of  the  solution 
therefore  contain  more  than  800  milligrammes,  when  they 
should  only  contain  200  milligrammes  at  the  outside.  This 
solution,  therefore,  before  the  actual  testing  begins,  must 
be  diluted  with  three  times  its  own  volume  of  water. 

Of  this  dilute  solution  of  mercury  we  now  measure  lO'O  c.c. 
into  a beaker,  add  4'0  c.c.  of  the  above-mentioned  solution 
of  phosphate  of  soda,  and  pour  from  a burette  the  graduated 
or  standard  solution  of  chloride  of  sodium  into  this  mix- 
ture, which  is  kept  in  constant  agitation,  until  at  last  the 
white  precipitate,  which  is  formed  on  addition  of  the  phos- 
phate to  the  mercurial  solution,  is  entirely  redissolved. 

The  addition  to  the  mercurial  fluid  of  the  solution  of  phosphate 
of  soda  must  be  followed  immediately  by  that  of  the  chloride 
of  sodium ; for  if  we  suspend  the  addition  of  the  latter  only 
for  a few  minutes,  the  phosphate  of  mercury  becomes  crvs- 
talline,  and  now  either  dissolves  not  at  all,  or  with  difficulty 
only.  The  solution  of  mercury,  moreover,  must  not  contain 
too  much  free  acid.  It  contains  the  proper  amount,  if,  after 
the  addition  of  the  phosphate  of  soda,  the  mixture  no  longer 
reddens  litmus.  If  it  has,  however,  an  acid  reaction,  the 
mercurial  solution  must,  previously  to  the  testing,  have  a 
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part  of  its  acidity  neutralized  by  the  addition  of  a few  drops 
of  a solution  of  carbonate  of  soda,  until  basic  salt  begins  to 
be  precipitated,  which  may  be  redissolved  by  a drop  or  two 
of  dilute  nitric  acid. 

As  a matter  of  course  the  errors  in  this  analysis  are  mainly 
due  to  our  adding  a drop  or  two  more  of  the  chloride  of 
sodium  than  is  actually  required  to  dissolve  the  precipitates. 
The  greater  the  quantity  of  solution  of  chloride  of  sodium 
added  to  a given  bulk  of  the  mercurial  solution,  the  more 
oxyde  this  solution  will  appear  to  contain.  The  error,  conse- 
quently, which  we  have  just  pointed  out,  increases  the  apparent 
real  amount  of  oxyde  contained  in  the  solution.  As  the 
phosphate  of  mercury  is  slightly  soluble  in  the  fluid,  and  as, 
after  all,  the  solution  of  chloride  of  sodium  is  graduated  with 
regard  to  this  error,  the  latter  is  generally  very  slight.  If 
the  proceeding  be  reversed  by  pouring  the  mercurial  solution 
into  a mixture  of  the  solution  of  chloride  of  sodium  and  the 
alkaline  phosphate,  a slight  excess  of  the  mercurial  solution 
must  always  be  added,  for  the  purpose  of  producing  the  pre- 
cipitate, which  is  not  permanent  until  the  fluid  has  been 
saturated  with  the  mercury.  This  proceeding,  therefore, 
would  give  too  low  an  indication  of  the  amount  of  oxyde. 

These  analyses  become  still  more  correct,  if  we  combine 
both  methods,  and  proceed  in  the  following  manner : 

(Method  I.)  We  measure  10  c.c.  of  the  solution  of  mercury 
into  a beaker,  add  from  3 to  4 c.c.  of  the  solution  of  phosphate 
of  soda,  and,  taking  care  not  to  let  the  precipitate  become 
crystalline,  we  immediately  pour  from  the  burette  into  the 
fluid  the  solution  of  chloride  of  sodium,  until  the  preci- 
pitate has  disappeared.  Let  us  suppose  that  we  have  used 
for  that  purpose  125  c.c.  of  the  solution  of  chloride  of 
sodium,  we  now— 

(Method  II.)  Measure  12‘5  c.c.  of  the  same  solution  of 
chloride  of  sodium  into  a beaker,  add  from  3 to  4 c.c.  of  the 
phosphate  of  soda,  and  pour  into  this  mixture  from  a burette 
the  amount  of  the  same  solution  of  mercury,  which  is  just 
necessary  for  the  production  of  a commencing  precipitate. 
Let  us  suppose  that  we  have  used  of  it  1025  c.c.,  then  its 
real  strength  is — There  have  been  used  for 

I.  10*0  c.c.  of  the  mere.  sol.  12-5  c.c.  sol.  of  clil.  of  sod. 

II.  1025  c.c.  ditto.  12’5  c.c.  ditto. 


2025  c.c.  mere.  sol.  25 -0  c.c.  sol.  of  chi.  of  sod. 
As  every  c.c.  of  the  graduated  solution  of  chloride  of  sodium 
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indicates  20  milligrammes  of  oxyde  of  mercury,  it  follows 
that  the  25  c.c.  used  indicate  20  x 25  = 500  milligrammes 
of  oxyde,  which  are  contained  in  20'25  c.c.  of  mercurial 
solution. 

In  this  manner  has  been  ascertained  the  amount  of  oxyde 
contained  in  the  solution  (diluted  with  three  volumes  of 
water) . I will  now  proceed  to  give  the  description  of  the  other 
proceedings  necessary  for  producing  a solution  graduated  for 
urea. 

Preparation  of  Mercurial  Solution  graduated  for  Urea 

(continued) . 

A known  volume  of  the  concentrated  solution  or  syrup, 
* in  a part  of  which,  after  dilution  with  three  volumes  of  water, 
the  amount  of  oxyde  of  mercury  has  been  ascertaiued,  is  now 
diluted  with  so  much  water  as  will  bring  it  near  to  the  point 
of  concentration  required  for  urea.  The  correctness  of  this 
dilution  must  be  checked  before  its  application  for  deter- 
mining the  amount  of  urea  in  urine,  by  means  of  the  solution 
of  pure  urea  mentioned  above,  which,  in  10  c.c.,  contains  200 
milligrammes  of  urea. 

In  diluting  the  concentrated  mercurial  solution,  it  is  ad- 
visable not  to  add  the  whole  bulk  of  water,  which  by  calcu- 
lation has  been  found  necessary,  all  at  once.  It  is  better  to 
add  a little  less  water,  then  to  test  with  the  solution  of  urea, 
and  after  thus  checking  the  correctness  of  the  analysis,  to  add 
the  rest  of  the  water. 

To  recapitulate  the  entire  proceeding  : 

We  take  100  c.c.  of  the  concentrated  solution  or  syrup, 
dilute  it  with  five  or  ten  times  its  bulk  of  water,  according  to 
its  concentration,  and  in  100  c.c.  of  this  dilute  solution  we 
approximately  ascertain  the  amount  of  oxyde  by  means  of 
the  phosphate  of  soda  and  the  graduated  solution  of  chloride 
of  sodium. 

Let  us  suppose  that,  for  10*0  c.c.  of  the  solution  diluted 
with  five  times  its  own  bulk  of  water,  we  have  used  18’5  c.c. 
of  the  solution  of  chloride  of  sodium,  the  amount  of  water  to 
be  added  can  then  easily  be  calculated. 

For  10*0  c.c.  of  the  concentrated  solution,  there  ought  to 
be  used  38‘5  c.c.  of  the  graduated  solution  of  chloride  of 
sodium  (corresponding  to  772  milligrammes  of  oxyde  of  mer- 
cury). We  have,  however,  in  reality  used  5 x 18’5  = 92'5  c.c. 
of  the  graduated  solution.  If  for  1O0  c.c.  of  the  concentrated 
mercurial  solution  there  are  required  92*5  c.c.  of  the  graduated 
solution  of  chloride  of  sodium,  4T6  c.c.  of  the  former  will 
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exactly  be  necessary  to  neutralize  38*5  c.c.  of  the  latter.  If 
therefore 

416  vol.  of  the  concentrated  mere,  solut.  are  mixed  with 
584  vol.  of  water,  we  obtain 


1000  vol.  of  a dilute  solution, 

100  c.c.  of  which  exactly  correspond  to  38‘5  c.c.  of  the 
graduated  solution  of  chloride  of  sodium. 

As  has  been  already  stated,  it  is  not  advisable  to  add  the 
whole  amount  of  water  (the  whole  584  volumes)  at  once.  It  is 
better  to  allow  a margin.  We  now  measure  10  c.c.  of  the 
graduated  solution  of  urea  into  a beaker,  add  from  a burette  ^ 
the  solution,  which  has  been  diluted  to  not  quite  the  calcu- 
lated strength,  until  a drop  of  the  mixture,  when  brought 
into  contact  with  a drop  of  a solution  of  carbonate  of  soda 
on  a glass  plate  or  a watch-glass,  gives  a distinct  yellow  reac- 
tion. In  case  we  have  used  for  that  purpose  19'25  c.c.  of  the 
solution  of  mercury, 

We  now  add,  upon  every  . . 192'5  c.c.  of  the  latter, 

Water  to  the  amount  of  . . 7’5  c.c. 


Whereby  we  obtain  a total  of  solution  = 200‘0  c.c. 

We  now  make  the  final  experiment  with  this  solution. 

If  after  the  addition,  to  10  c.c.  of  the  solution  of  urea,  of 
20  c.c.  of  the  mercurial  solution,  the  yellow  colour  appears 
distinctly,  the  solution  of  mercury  may  be  used  for  ascer- 
taining the  amount  of  urea  in  urine. 

We  must  bestow  all  possible  care  upon  the  correctness  of 
the  test-fluid,  as  it  is  intended  to  replace  the  balance,  which, 
when  faulty,  will  make  the  error  appear  the  larger,  the  smaller 
the  difference  of  weight  we  wish  to  determine.  In  the  case 
of  an  incorrect  balance,  the  error  may  be  met  every  time  we 
use  it — it  is  possible  to  weigh  correctly  with  it.  But  a gra- 
duated fluid  must  be  corrected  once  for  all  before  use.  The 
volume  of  the  fluid  does  not  increase  the  trouble  of  preparing 
it ; and  it  is  therefore  advisable  to  prepare  the  largest  possible 
quantity  at  one  time. 

The  small  excess  of  the  oxyde  of  mercury  in  the  fluid  is 
like  the  hand  of  the  balance ; the  yellow  colour  is  its  deflec- 
tion, the  amount  of  which  must  be  carefully  impressed  upon 
the  memory. 
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Analysis  of  Urea  in  Urine.  Special  Proceedings. 

We  first  prepare  a mixture  of  two  volumes  of  baryta  water,  and 
one  volume  of  a solution  of  nitrate  of  baryta,  both  saturated  at 
the  ordinary  temperature.  Of  this  alkaline  fluid,  one  volume  is 
mixed  with  two  volumes  of  urine.  For  this  purpose  a small  glass 
cylinder  of  a capacity  of  about  15  c.c.,  or  any  other  conve- 
nient size,  may  be  used.  This  cylinder  is  ground  round  the 
edge,  so  as  to  admit  of  being  closed  hermetically  by  a plate 
of  glass.  It  is  then  twice  filled  with  urine  to  overflowing,  the 
excess  being  each  time  removed  by  covering  it  with  the  glass 
plate.  The  same  cylinder  is  afterwards  once  filled  in  the  same 
manner  with  solution  of  baryta,  and  the  latter  is  poured  on 
the  urine  in  a beaker.  The  precipitate  which  forms  when 
the  two  fluids  mix,  is  removed  by  filtering.  Of  the  filtered 
fluid,  15  c.c.,  corresponding  to  10  c.c.  of  urine,  are  taken 
for  each  analysis. 

To  this  volume  of  urine  we  now,  without  neutralizing,  add 
from  a burette  the  graduated  solution  of  the  nitrate  of  prot- 
oxyde  of  mercury,  keeping  the  mixture  agitated  all  the  time, 
and  test  the  mixture  as  soon  as  we  perceive  that  no  further 
precipitate  is  formed,  and  that  the  fluid  does  no  longer  be- 
come thick  on  the  addition  of  the  mercurial  solution.  For 
this  purpose  we  take  with  a glass  rod  a drop  out  of  the  mix- 
ture, and  add  it  to  a drop  of  a solution  of  carbonate  of  soda, 
of  which  there  are  several  in  readiness  on  a glass  plate  lying 
on  a sheet  of  white  or  black  paper.  If  after  the  lapse  of  a 
few  seconds  the  mixture  of  the  two  drops  remain  white,  the 
addition  of  the  mercurial  solution  must  be  repeated,  until,  on 
a new  trial,  a drop  of  the  contents  of  the  beaker  exhibits 
a distinct  yellow  colour  on  being  added  to  the  drop  of  solution 
of  carbonate  of  soda. 

We  now  read  on  the  scale  of  the  burette  the  number  of 
cubic  centimetres  of  the  mercurial  solution  used ; and  from 
this  is  ascertained,  by  the  simplest  calculation,  the  amount  of 
urea  contained  in  10  c.c.  of  urine,  and  hence  in  the  total 
quantity  discharged  in  twenty-four  hours. 

Modification  of  this  method  required  by  an  excess  of  urea  in 
urine. — The  mercurial  test-fluid  is  graduated  for  a solution  of 
urea  containing  2 per  cent,  of  this  substance  : 15  c.c.  of  the 
solution  of  urea  require  for  precipitating  the  whole  of  the  urea, 
and  for  the  production  of  the  test  indicative  of  the  com- 
pletion of  the  precipitation,  30  c.c.  of  mercurial  solution.  We 
thus  obtain  45  c.c.  of  a mixture  in  which  on  the  whole  there 
are  30  times  5 2 = 156  milligrammes  of  free  protoxvde  of 
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mercury;  every  cubic  centimetre  therefore  contains  3*47 
milligrammes  of  protoxyde  of  mercury. 

If  the  15  c.c.  of  solution  of  urea  contain  4 per  cent,  of 
urea,  and  we  add  60  c.c.  of  the  mercurial  solution,  a mixture 
amounting  to  75 c.c.  is  produced,  in  which  there  are  contained 
312  milligrammes  of  the  oxyde  of  mercury,  viz.,  4T6  milli- 
grammes in  every  cubic  centimetre,  being  an  excess  of  O’ 69 
milligrammes  of  protoxyde  in  every  cubic  centimetre  above 
what  is  required  to  produce  the  original  colour. 

It  has  been  shown  by  careful  experiment  that,  in  ana- 
lysing urine  containing  a larger  amount  of  urea,  an  error  is 
committed  which  makes  the  amount  of  urea  appear  smaller 
than  it  really  is.  In  the  case  just  now  given  as  an  illustra- 
tion, we  would  not  add  60  c.c.  of  the  mercurial  solution  for 
the  production  of  the  original  colour,  but  only  59’37  c.c.  In 
order  to  remove  this  error,  we  have  only  to  make  the 
mixture  more  dilute  by  the  addition  of  water.  As  soon  as 
we  have  found  out  that  the  urine  contains  a higher  percentage 
of  urea  than  the  mercurial  solution  is  graduated  for — for  ex- 
ample, if  more  than  300  c.c.  of  the  mercurial  solution  are 
used  for  15  c.c.  of  urine — we  must,  for  the  number  of  cubic 
centimetres  of  the  mercurial  solution  above  30-0  c.c.,  add 
half  the  number  of  cubic  centimetres  of  water  before  testing 
with  carbonate  of  soda.  If,  for  instance,  we  have  used  20  c.c. 
more  than  30,  we  add  10  c.c.  of  water.  It  will  always  be 
found  that,  after  the  addition  of  the  water,  a few  more  drops 
of  the  mercurial  solution  must  be  added,  before  the  proper 
indication  is  obtained. 

Modification  required  by  the  urea  sinking  to  1 per  cent. — 
If  the  quantity  of  urea  in  urine  amounts  to  1 per  cent, 
only,  it  will  be  necessary  to  add  to  15  c.c.  of  urine  not  15  c.c. 
only,  but  15 ‘3  c.c.,  which  would  unduly  increase  the  apparent 
amount  of  urea.  To  avoid  this  error  in  working  with  dilute 
urine,  we  must,  for  every  5 c.c.  of  mercurial  solution  which 
have  been  used  less  than  30  c.c.,  subtract  0T  c.c.  from  the  sum 
of  cubic  centimetres  actually  used.  If  therefore  for  15  c.c. 
of  urine  25 *0  c.c.  of  mercurial  solution  have  been  used,  the 
real  amount  of  urea  being  249  milligrammes,  is  expressed  by 
24‘9  c.c.  of  mercurial  solution. 

Modification  required  by  the  presence  in  urine  of  chloride  of  so- 
dium.— A series  of  experiments  has  shown  that,  when  the  chlo- 
ride of  sodium  contained  in  urine  amounts  to  1 or  T5  per  cent., 
it  interferes  with  the  analysis  of  urea  by  means  of  the  mer- 
curial solution.  If  to  10  c.c.  of  the  solution  of  pure  urea  20  c.c. 
of  the  graduated  mercurial  solution  are  added,  carbonate  of 
soda  will  produce  a distinct  yellow  precipitate  of  protoxyde 
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of  mercury  in  the  mixture.  If  to  the  latter  we  now  add 
from  100  to  200  milligrammes  of  chloride  of  sodium,  and 
test  again  with  carbonate  of  soda,  the  yellow  colour  will  not 
appear,  and  for  its  reproduction  will  require  a further  addition 
of  from  1'5  to  2'5  c.c.  of  the  mercurial  solution;  which,  if 
taken  as  representing  urea,  would  increase  the  apparent 
amount  of  the  latter  by  15  to  25  milligrammes. 

It  is  the  same  in  urine.  The  chloride  of  sodium  contained 
in  it  increases  the  apparent  amount  of  urea  unduly  by  20  or 
30  milligrammes  in  lOc.c.  In  case  the  amount  of  chloride 
of  sodium  rises  above  2 per  cent.,  the  error  is  not  increased 
in  proportion  to  the  quantity,  but  remains  the  same,  with 
certain  fluctuations. 

As  we  shall  see  more  particularly  in  treating  of  the  deter- 
mination of  chloride  of  sodium  by  means  of  the  nitrate  of 
protoxyde  of  mercury,  a solution  of  urea  containing  chloride 
of  sodium  is  not  precipitated  until  all  the  chloride  of  sodium 
present  is  decomposed,  and  corrosive  sublimate  is  formed.  In 
a solution  of  200  milligrammes  of  urea  and  100  milligrammes 
of  chloride  of  sodium  in  10  c.c.  of  water,  to  which  20c.c.  of 
the  mercurial  solution  have  been  added,  the  excess  of  the 
mercury,  which  otherwise  would  have  given  the  yellow  reac- 
tion on  addition  of  carbonate  of  soda,  is  not  present  in  the 
form  of  nitrate,  but  of  corrosive  sublimate ; by  the  for- 
mation and  presence  of  which,  it  is  evident,  the  change  in  the 
test  is  caused.  Instead  of  3’46  milligrammes  of  oxyde  of 
mercury  in  the  form  of  nitrate,  the  mixture  contains  the 
same  amount  of  mercury  in  the  form  of  sublimate. 

On  diluting  a solution  of  corrosive  sublimate  with  water 
until  it  yields  a distinct  browmish-yellow  precipitate  of  oxy- 
chloride of  mercury  on  the  addition  of  carbonate  of  soda,  and 
on  then  mixing  the  same  solution  of  sublimate  with  a drop  of 
nitric  acid,  and  then  adding  it  in  drops  to  a solution  of  car- 
bonate of  soda,  the  mixture  will  remain  clear.  No  precipitate 
will  be  formed;  and,  if  any,  it  consists  only  of  a slight 
whitish  turbidity,  from  which,  after  prolonged  standing,  some 
few  brownish-yellow  plates  arc  deposited.  In  this  condition, 
the  excess  of  corrosive  sublimate  exists  in  the  mixture  of 
the  solutions  of  urea  and  of  mercury,  the  greater  part  of 
the  nitric  acid  of  which  is  in  a free  and  uncombined 
state. 

This  free  nitric  acid  converts  part  of  the  carbonate  of  soda 
into  the  bicarbonate,  which  does  not  precipitate  corrosive  sub- 
limate. When  the  mixture,  in  consequence  of  a larger 
amount  of  chloride  of  sodium  having  been  present  in  it,  con- 
tains a larger  amount  of  corrosive  sublimate,  the  quantity  of 
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carbonic  acid  set  free  is  not  sufficient  to  totally  prevent  the 
precipitation  of  protoxyde  of  mercury,  and  a brownish-yellow 
precipitate  is  produced.  This  appears  to  be  the  reason  why 
the  presence  of  a certain  amount  of  chloride  of  sodium  de- 
fers the  indication  of  the  complete  precipitation  of  urea,  and 
why  a further  increase  in  the  amount  of  chloride  of  sodium 
does  not  interfere  with  the  test  after  having  reached  a certain 
height. 

In  operating  upon  urine  containing  from  1 to  1*5  percent, 
of  chloride  of  sodium,  the  number  of  milligrammes  of  urea 
contained  in  100  c.c.of  urine  may  at  once  be  correctly  obtained 
by  simply  subtracting  2 c.c.  from  the  total  cubic  centimetres 
of  mercurial  solution  used.  The  results  thus  obtained  are 
relatively  correct  as  regards  the  differences  of  the  amounts 
of  urea,  even  when  the  quantity  of  chloride  of  sodium  varies 
in  the  urine  of  different  individuals.  There  is  only  a slight 
error  in  the  absolute  quantity  of  urea,  which,  if  left 
uncorrected,  may  amount  to  15  or  20  milligrammes  in  10  c.c. 
of  urine. 

If,  therefore,  we  require  to  know  the  absolute  quantity  of 
urea  in  urine,  the  chlorine  must  be  removed  from  the  urine, 
and  the  chloride  of  sodium  converted  into  the  nitrate  of  soda. 
This  is  done  by  the  agency  of  a graduated  solution  of  nitrate 
of  silver.  11 '601  grammes  of  fused  nitrate  of  silver  are  dis- 
solved in  water,  and  diluted  until  the  volume  of  the  fluid 
amounts  to  400  c.c.  One  cubic  centimetre  of  this  solution 
contains  29'01  milligrammes  of  nitrate  of  silver,  correspond- 
ing to  10  milligrammes  of  chloride  of  sodium. 

The  solution  of  mercury  which  will  be  described  under  the 
head  of  chloride  of  sodium  corresponds  to  this  solution  of 
silver.  Equal  volumes  of  both  will  on  use  indicate  equal 
quantities  of  kitchen  salt.  If,  therefore,  to  10  c.c.  of  urine 
we  had  to  add  12'5  c.c.  of  the  mercurial  solution  just  alluded 
to,  for  producing  the  turbidity  indicating  that  all  the  chloride 
of  sodium  is  converted,  then  12'5  c.c.  of  the  solution  of 
silver,  on  being  added  to  10  c.c.  of  urine,  will  precipitate 
the  whole  of  the  cldorine  without  any  silver  being  left  in 
solution. 

As,  by  means  of  the  mercurial  solution,  we  can  ascertain 
in  a few  seconds  how  much  of  the  solution  of  silver  it  is 
necessary  to  add  to  urine  containing  chloride  of  sodium,  for 
the  purpose  of  removing  the  latter,  this  operation,  which 
otherwise  would  be  laborious  and  take  much  time,  is  divested 
of  all  inconvenience. 

Let  us  suppose  that,  for  15  c.c.  of  urine  precipitated  with 
the  solution  of  baryta,  corresponding  to  10  c.c.  of  the  original 
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urine,  we  have  used  17’5  of  the  mercurial  solution  graduated 
for  kitchen  salt.  We  now  measure  with  a pipette 

300  c.c.  of  the  same  urine,  add 
35 '0  c.c.  of  the  solution  of  silver, 
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and  throw  the  mixture  on  a filter. 

Of  the  filtered  liquid  we  now  take  for  the  test  of  urea 
always  one  half  of  the  number  of  cubic  centimetres  of  the 
mixed  fluid,  viz.,  325  c.c.,  in  which  there  are  contained  10c. c. 
of  urine,  less  phosphates  and  chlorides.  These  are  now  mixed 
with  the  mercurial  solution  graduated  for  urea ; and  the  quan- 
tity of  the  latter  is  thus  ascertained,  regard  being  always  had 
to  the  dilution  in  consequence  of  the  addition  of  the  solution 
of  silver. 

Modification  required  by  the  urine  containing  ammonia. — 
For  common  urine,  one  volume  of  solution  of  baryta  to  two  vol- 
umes of  urine  is  generally  sufficient  for  precipitating  the  whole 
of  the  phosphoric  and  sulphuric  acid  present,  and  leaving  a small 
amount  of  baryta  in  solution.  If,  however,  the  urine  becomes 
alkaline  from  the  presence  of  an  alkaline  carbonate,  which 
most  commonly  is  carbonate  of  ammonia,  from  the  decompo- 
sition of  urea,  one  volume  of  solution  of  baryta  to  two  volumes 
of  urine  is  in  most  cases  insufficient  to  precipitate  the  whole 
amount  of  carbonic  acid.  It  therefore  will  be  necessary  to 
add  a larger  amount  of  the  solution  of  baryta. 

If  three  volumes  of  the  solution  of  baryta  are  mixed  with 
four  volumes  of  urine,  17’5  c.c.  of  the  filtered  fluid,  corre- 
sponding to  10  c.c.  of  urine,  will  have  to  be  taken  for  the 
analysis  of  urea  by  precipitation.  Of  a mixture  of  equal 
volumes  of  solution  of  baryta  and  urine,  20  c.c.  must  be  taken 
for  the  test ; and  so  on  in  the  same  proportion. 

The  influence  of  the  decomposition  of  urea  will  in  many 
cases  not  prevent  the  same  residts  from  being  obtained  in 
putrid  urine  as  were  arrived  at  in  the  same  urine  when  fresh. 
Two  or  three  days’  standing  will  generally  make  no  differ- 
ence ; but  after  that,  the  analysis  writh  the  mercurial  fluid 
cannot  any  longer  be  depended  upon. 

If  exact  analyses  of  ammoniacal  urine  be  required,  wre  mav 
either  fix  the  carbonic  acid,  and  transform  the  urea  present 
into  the  same  acid  and  ammonia  by  subjecting  a quantity  of 
urine  to  Bunsen’s  analysis ; or  we  must  determine  the  "am- 
monia and  urea  each  by  a separate  process  in  two  separate 
portions  of  urine,  and  calculate  the  amount  of  urea  from  the 
ammonia  by  which  it  is  represented. 
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For  the  analysis  of  urea  in  this  kind  of  urine,  it  is  not 
precipitated  with  the  mixture  of  solution  of  baryta,  but  with 
baryta  water  only.  From  the  filtered  fluid  a portion  is  taken 
corresponding  to  10  c.c.  of  urine,  and  heated  in  a water  bath, 
until  ammonia  is  no  longer  evolved.  This  expulsion  of  am- 
monia is  easily  effected,  because,  after  the  addition  of  baryta 
water,  which,  when  added  in  sufficient  quantity,  combines 
with  the  whole  amount  of  carbonic  acid  present,  the  whole 
amount  of  ammonia  is  contained  in  the  form  of  caustic  am- 
monia. In  the  fluid  thus  freed  of  ammonia,  urea  is  deter- 
mined by  the  mercurial  fluid. 

In  another  portion  of  the  urine  the  ammonia  has  to  be 
determined  by  one  of  the  ordinary  alkalimetrical  methods. 
The  most  convenient  test  is  dilute  sulphuric  acid,  which  may 
be  procured  by  mixing  16‘333  grammes  of  pure  hydrated 
sulphuric  acid  with  as  much  water  as  will  raise  the  whole  of 
the  mixture  to  500  c.c.,  or  1000  half  c.c.  Of  this  sulphuric 
acid  05  c.c.  exactly  saturate  5'66  milligrammes  of  ammonia, 
being  the  quantity  produced  by  the  decomposition  of  10 
milligrammes  of  urea.  Every  cubic  centimetre  of  sulphuric 
acid,  therefore,  used  for  neutralizing  the  ammonia  of  urine, 
corresponds  to  20  milligrammes  of  urea  originally  contained 
in  the  urine. 

The  analysis  becomes  more  accurate  if  we  subject  a known 
quantity  of  urine  (after  treatment  with  baryta)  to  distillation, 
collect  the  product  in  a receiver  containing  a known  volume 
of  the  graduated  sulphuric  acid,  which  must  be  more  than 
sufficient  for  neutralizing  the  whole  amount  of  ammonia  that 
passes  over.  The  quantity  of  free  acid  left  is  then  determined 
by  means  of  a dilute  solution  of  ammonia,  graduated  upon 
the  dilute  and  graduated  sulphuric  acid.  If,  for  example,  we 
have  put  into  the  receiver  40  c.c.  of  dilute  sulphuric  acid, 
and  if,  after  partial  saturation  by  the  distillate,  we  yet  re- 
quire 15'0  c.c.  of  the  graduated  solution  of  ammonia  for 
neutralizing  the  acid,  then  a quantity  of  ammonia  has  passed 
over  by  distillation  which  has  neutralized  40  — 15  =25  c.c. 
of  the  graduated  sulphuric  acid,  and  represents  250  milli- 
grammes of  urea. 

Modification  required  by  the  presence  in  urine  of  certain 
nitrogenized  matters  not  being  urea. — Besides  urea  some 
other  bodies  are  precipitated  by  the  solution  of  nitrate 
of  protoxyde  of  mercury.  One  of  them  is  attantoine,  as 
has  been  shown  by  Dr.  Limpricht.1  It  has  been  stated  by 
Professor  Stadeler  that  he  found  allantoine  in  the  urine  of 


1 ‘ Annal.  d.  Chem.  und  Pharro.,’  1853,  October,  p.  99. 
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dogs  labouring  under  difficulties  of  respiration.  Allan- 
toine  is  present  in  the  urine  of  the  sucking  calf ; but  it  has 
never  as  yet  been  found  either  in  the  normal  or  patholo- 
gical urine  of  man.  Even  under  circumstances  where  its 
occurrence  was  most  probable,  as  after  the  ingestion  into  the 
stomach  of  uric  acid  or  urate  of  ammonia,  when  the  usual 
products  of  the  decomposition  by  oxydation  of  that  body  are 
found  in  the  urine,  viz.,  urea  (an  excess)  and  oxalic  acid,  the 
third  produce  of  the  artificial  process,  allantoine,  could  not  be 
found  in  the  urine  even  by  such  a chemist  as  Wohler.1  We 
may  therefore  be  quite  safe  that  our  analyses  will  not  easily 
be  made  inaccurate  by  the  presence  of  that  body. 

There  are,  however,  some  nitrogenized  matters,  forming  an 
insoluble  precipitate  with  the  nitrate  of  mercury,  which  are 
of  more  frequent  occurrence,  particularly  in  the  urine  of 
patients.  Kletzinsky,2  in  his  comparative  experiments  on 
the  value  of  different  methods  for  determining  the  quantity 
of  urea,  found  that  there  is  a substance  present  in  urine, 
which,  by  its  property  of  being  precipitated  by  a solution  of 
sugar  of  lead,  manifests  itself  as  different  from  urea,  and  yet 
is  precipitated  along  with  urea  by  the  mercurial  solution. 
This  substance,  in  five  experiments  made  upon  healthy  urine, 
amounted  to  2,  2,  3,  3,  and  4 per  cent,  of  the  urea ; but  in 
the  urine  of  patients  it  would  rise  to  12  per  cent,  of  the 
urea  present.  Professor  Vogel 3 4 is  of  opinion  that  the  error 
•in  some  cases  might  amount  to  20  per  cent,  of  the  urea 
present. 

This  error  must  be  avoided  by  the  following  proceeding : 

Of  a solution  of  sugar  of  lead,  acidulated  with  a feiv  drops 
of  acetic  acid,  a sufficient  quantity  is  added  to  urine  to  pre- 
cipitate the  whole  of  these  nitrogenized  matters.  Some  of 
them  arc  nearly  related  to  the  colouring  matter  of  urine, 
which  is  itself  precipitated  by  acetate  of  lead.  Any  excess 
of  the  solution  of  lead  must  be  removed  by  a current  of 
sulphuretted  hydrogen.  After  filtering,  the  urine  may  be 
used  for  the  test  for  urea,  due  allowance  being  made  for  the 
dilution. 

Bunsen’s  method  of  ascertaining  the  absolute  quantity  of 
urea  in  urine. ^ — I have  already  stated  the  principle  of  this 
accurate  method.  Its  advantages  are,  that  it  may  be  used 


1 ‘Annal.  d.  Chem.  und  Pharm.,’  Bd.  05,  pp.  340 — 341. 

2 Heller’s  ‘ Arcliiv,’  1853,  p.  252. 

3 Loc.  cit.,  p.  244. 

4 ‘ Annal.  d.  Chem.  und  Pharm.,’  Bd.  05,  p.  375. 
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for  any  description  of  urine,  without  requiring  either  cor- 
rection or  modification,  as  neither  uric,  hippuric,  or  benzoic 
acid,  nor  sugar,  albumen,  colouring  or  other  nitrogenous 
matters,  exert  any  influence  over  the  results. 

Thirty  or  forty  grammes  of  urine  are  weighed  or  measured 
into  a balloon ; from  8 to  10  grammes  of  a very  concen- 
trated solution  of  chloride  of  barium  mixed  until  a little 
ammonia  are  added ; the  balloon  is  closed  with  a cork,  and 
the  mixture  is  well  shaken.  After  it  has  stood  until  the  pre- 
cipitate has  settled  to  the  bottom,  the  mixture  is  filtered 
through  a filter  of  known  weight  on  a funnel,  the  tube  of 
which  is  drawn  to  a long,  thin  point.  Of  the  clear  fluid,  25 
to  30  grammes  are  allowed  to  run  into  a strong  glass  tube, 
closed  at  one  end,  and  containing  about  3 grammes  of 
solid,  chemically  pure  chloride  of  barium.  The  weight  of  the  . 
tube  and  contents  is  determined  before  filling.  The  walls  of 
this  tube  round  the  upper  aperture  must  be  kept  quite  dry. 
The  weight  of  the  urine  filled  into  the  tube  is  then  ascer- 
tained, after  which  the  tube  is  closed  by  the  blowpipe,  1 " 
or  lg"  above  the  level  of  the  fluid.  The  tube  so  closed  is 
now  put  into  an  oil  bath,  and  for  three  or  four  hours  ex- 
posed to  a temperature  of  from  428°  to  468°  F.  (220  to 
242°  C.)  After  the  tube  has  again  cooled,  it  is  opened  by 
means  of  a file  and  live  charcoal ; the  crystals  of  carbonate 
of  baryta  are  placed  on  a filter,  washed  carefully  with  water 
which  is  free  of  carbonic  acid,  and,  after  drying,  are  weighed. 
One  part  of  carbonate  of  baryta  corresponds  to  0404 1 
of  urea. 

The  precipitate  formed  on  mixing  the  urine  with  the  am- 
moniacal  solution  of  chloride  of  barium,  and  which  remained 
on  the  filter,  is  then  also  washed,  dried  at  212°F.  (100°  C.),  and 
weighed.  The  weight  of  this  precipitate,  subtracted  from  the 
weight  of  the  urine  and  solution  of  chloride  of  barium,  gives 
the  total  weight  of  the  fluid,  of  which  we  have  put  from  25 
to  30  grammes  into  the  glass  tube.  From  the  urea  found 
in  the  latter,  that  contained  in  the  whole  or  any  amount  of 
urine  may  be  calculated. 

It  is  shorter  to  precipitate  the  phosphates  and  sulphates 
with  the  mixture  of  solutions  of  baryta  water  (two  volumes) 
and  nitrate  of  baryta  (one  volume),  as  described  for  Liebig’s 
method.  Of  the  filtered  fluid  a known  quantity  by  measure, 
say  25‘Oc.c.,  is  poured  into  the  tube.  The  precipitate  on  the 
filter  is  left  out  of  the  question,  and  thereby  a great  deal  of 
trouble  in  washing  and  weighing  is  saved.  The  analysis  cer- 
tainly is  thereby  made  less  accurate,  but  so  trifling  is  the 
error,  that  it  may  safely  be  allowed  to  pass. 
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Dr.  Davey’s  method  of  determining  the  amount  of  urea  in 
urine.' — This  method  is  founded  on  the  fact  that  urea  isArery 
readily  decomposed  by  the  hypochlorites  of  soda,  potash, 
or  lime,  and  its  constituent  nitrogen  is  evolved  in  the  gaseous 
state.  From  the  quantity  of  gas  evolved  the  amount  of  urea 
is  estimated. 

A strong  glass  tube,  about  twelve  or  fourteen  inches  long, 
closed  at  one  end,  and  its  open  extremity  ground  smooth,  and 
having  the  bore  not  larger  than  the  thumb  conveniently  can 
cover,  holding  from  two  to  three  cubic  inches,  each  divided  into 
tenths  and  hundredths  by  graduation  on  the  glass,  is  filled  more 
than  a third  full  of  mercury,  to  which  afterwards  a measured 
quantity  of  urine  to  be  examined  is  poured,  which  may  be  from 
a quarter  of  a drachm  to  a drachm  or  upwards,  according  to 
the  capacity  of  the  tube  ; then  holding  the  tube  in  one  hand 
near  its  open  extremity,  and  having  the  thumb  in  readiness 
to  cover  the  aperture,  the  operator  fills  it  completely  full  with 
a solution  of  the  hypochlorite  of  soda  (taking  care  not  to 
overflow  the  tube),  and  then  instantly  covers  the  opening 
tightly  with  the  thumb,  and  having  rapidly  inverted  the  tube 
once  or  twice,  to  mix  the  urine  with  the  hypochlorite,  he 
finally  opens  the  tube  under  a saturated  solution  of  common 
salt  in  water,  contained  in  a steady  cup  or  small  mortar.  The 
mercury  then  flows  out,  and  the  solution  of  salt  takes  its 
place,  and  the  mixture  of  urine  and  hypochlorite  being  lighter 
than  the  solution  of  salt,  will  remain  in  the  upper  part  of  the 
tube,  and  will  therefore  be  prevented  from  descending  and 
mixing  with  the  fluid  in  the  cup.  A rapid  disengagement  of 
minute  globules  of  gas  soon  takes  place  in  the  mixture  in 
the  upper  part  of  the  tube,  and  the  gas  is  there  retained  and 
collected.  The  tube  is  then  left  in  the  upright  position  till 
there  is  no  further  appearance  of  minute  globules  of  gas 
being  formed,  the  time  being  dependent  on  the  strength  of 
the  hypochlorite  and  the  quantity  of  urea  present ; but  the 
decomposition  is  generally  completed  in  from  three  to  four 
hours ; it  may,  however,  be  left  much  longer,  even  for  a day 
if  convenient,  and  having  set  the  experiment  going,  it  re- 
quires no  further  attention;  amhvhcn  the  decomposition  is  com- 
pleted, it  is  only  necessary  to  read  the  quantity  of  gas  produced 
off  the  scale  on  the  tube.  In  cases  where  great  accuracy  is 
required,  due  attention  must  be  paid  to  the  temperature  and 
atmospheric  pressure,  and  certain  corrections  made  if  these 
should  deviate  from  the  usual  standards  of  comparison,  at 
the  time  of  reading  off  the  volume  of  the  gas;  but  in 

' ‘Philosophical  Magazine,’  June,  1854,  p,  385;  also  ‘Dublin  Hospital 
Gazette,’  June  1,  1854. 
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most  cases  sufficiently  near  approximations  to  accuracy 
may  be  obtained  without  reference  to  those  particulars. 

From  a number  of  experiments,  Dr.  Davey  has  ascertained 
that  the  quantity  of  gas  evolved  from  different  amounts  of 
urea,  treated  in  the  way  just  described,  very  closely  approxi- 
mates to  the  quantity  of  nitrogen  gas  which  should  be  fur- 
nished from  the  urea  by  calculation.  Thus,  the  fifth  part  of 
a grain  of  urea  should  furnish  by  calculation  03098  parts  of 
a cubic  inch  of  nitrogen  gas  at  60°  F.°  (15'5  C)  and  30'  bar. ; 
the  same  quantity  of  urea  treated  as  described  furnished  in  one 
experiment  0‘3001,  and  in  another  0’3069  parts  of  a cubic 
inch  of  gas  at  the  same  temperature  and  pressure;  which 
shows  that  the  calculated  quantity  of  nitrogen  differs  from 
the  amount  of  nitrogen  gas  obtained  by  only  a few  thou- 
sandths of  a cubic  inch. 

If  the  relation  that  exists  between  a certain  quantity  of 
urea  and  nitrogen  be  known,  wTe  can,  from  the  quantity  of  gas 
evolved  in  any  case,  easily  calculate  the  amount  of  urea  pre- 
sent by  the  simple  process  of  rule  of  three.  Thus  the  fifth 
part  of  a grain,  or  O' 2 of  a grain  of  urea,  gives  by  calculation 
O' 3098  parts  of  a cubic  inch  of  nitrogen  gas.  Then  O' 3098  : 
the  volume  of  gas  found  : : 0'2  : the  required  quantity  of  urea ; 
or,  multiplying  the  first  and  third  terms  by  5,  we  have  L549 
cubic  inches  of  gas  representing  one  grain  of  urea,  which  is 
a simpler  proportion. 

Comparative  experiments,  which  Dr.  Davey  made  with  his 
method  and  that  of  Liebig,  seemed  to  agree  very  closely.  In 
each  of  the  following  experiments  one  fluid  ounce  of 
urine  yielded  the  respective  quantities  of  urea  in  grains. 


In  the  first  and  second  experiments  with  Liebig’s  test,  the 
quantity  of  common  salt  present  in  the  urine  was  taken  into 
account,  as  it  increases  the  apparent  quantity  of  urea  in  the 
urine.  In  the  third,  this  was  not  taken  into  consideration, 
and  the  quantity  of  urea  was  compared  with  the  mean  of  two 
results  obtained  by  Dr.  Davey’s  method. 

The  hypochlorite  of  soda  is  preferable  to  that  of  potash  as 
a decomposing  agent,  because  the  soda  salt  is  an  article  of 
the  pharmacopoeia  under  the  name  “ sodoe  chlorinata3  liquor,” 
and  therefore  can  be  easily  procured ; whereas  the  potash  salt, 
not  being  used  in  medicine,  would  require  to  be  specially 
made  for  the  purpose.  The  hypochlorite  of  lime  is  not  so 


Liebig’s. 
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3.  4-976 
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effectual,  and  has  the  disadvantage  of  soiling  the  sides  of 
the  graduated  tube  by  the  carbonate  of  lime  formed  in  the 
reaction. 

In  reference  to  the  quantity  of  hypochlorite  of  soda  to  be 
employed,  it  should  always  be  used  in  excess.  About  five  or 
six  times  the  volume  of  the  urine  employed  null  be  found 
generally  to  be  quite  sufficient,  and  ensure  there  being  an 
excess  of  the  hypochlorite.  The  amount  required  may  be 
easily  determined  also  by  direct  experiment,  by  adding  to  a 
certain  quantity  of  urine  to  be  examined  in  a glass,  a mea- 
sured quantity  of  the  hypochlorite,  and  leaving  it  for  a short 
time  till  the  evolution  of  gas  is  nearly  over ; then  if,  on  the 
addition  of  more  of  the  hypochlorite,  the  effervescence  is  re- 
newed, it  shows  that  there  was  not  enough  of  the  decomposing 
liquor  first  employed,  and  more  must  be  added  from  time  to 
time  till  no  further  evolution  of  gas  is  produced,  and  the  quan- 
tity of  hypochlorite  used  to  arrive  at  this  point  indicates  the 
amount  necessary.  One  grain  of  urea  requires  somewhere 
about  half  a fluid  ounce  of  the  ordinary  sodse  chlorinatse 
liquor  for  its  complete  decomposition.  The  amount  of  mer- 
cury employed  should,  as  a general  rule,  be  never  less  than 
the  volume  of  gas  produced ; for  if  the  volume  of  gas  evolved 
be  more  than  that  of  the  mercury  used,  it  will  be  more  than 
that  of  the  solution  of  salt,  and  therefore  some  of  the  mix- 
ture of  urine  and  hypochlorite  will  be  forced  out  of  the  tube 
before  it  is  completely  decomposed,  and  consequently  some 
of  the  gas  will  be  lost ; so  that,  if  this  occur,  we  must  re- 
peat the  experiment,  using  either  a larger  quantity  of  mercury, 
if  our  tube  will  allow,  or  diminishing  the  quantity  of  urine 
employed. 

It  might  be  supposed,  on  first  sight,  that  this  method 
would  be  liable  to  the  following  source  of  error,  viz.,  that 
some  of  the  gas  would  be  evolved  and  lost  during  the  pom’ing 
in  of  the  hypochlorite ; but  this  is  not  the  case,  as  several 
seconds  elapse  before  there  is  any  apparent  reaction  or  evo- 
lution of  gas  on  mixing  the  hypochlorite  with  the  urine,  and 
there  is  therefore  full  time  to  perform  the  experiment  without 
any  loss  of  the  gas.  Dr.  Davey  has  also  ascertained  that  the 
acid  reaction  of  the  urine  does  not  affect  his  method.  But 
there  are  some  slight  sources  of  error  connected  with  it,  the 
principal  one  being,  that  ammonia,  if  it  exist  in  the  urine, 
gives  rise  to  nitrogen  gas,  and  therefore  increases  the  apparent 
amount  of  urea : but  the  same  objection  holds  equallv  in 
Liebig’s  and  Ragsky’s  methods,  the  two  most  accurate  at 
present  known.  Uric  acid  also  is  similarly  affected  by  the 
hypochlorite ; but  it  and  ammonia  ordinarily  occur  in"  such 
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small  proportion  in  urine,  that  the  error  produced  from  these 
substances  would  he  but  trifling,  and  is  partly  corrected  by 
taking  the  calculated  quantity  of  nitrogen,  which  is,  as  has 
been  shown,  something  more  than  that  obtained  from  a cer- 
tain quantity  of  urea  by  direct  experiment. 

In  cases  where  ammonia  or  uric  acid  occur  in  more  than 
ordinary  quantity,  these  substances  must  be  separated  by  the 
usual  means  employed  before  having  recourse  to  this  method. 
This  object  would  be  effected  by  gently  heating  the  urine 
with  a certain  quantity  of  baryta  water  as  long  as  the  odour 
of  ammonia  is  disengaged,  and  then  filtering  the  solution 
(see  p.  66) . 

Another  source  of  error  is  that,  if  a solution  of  the  hypo- 
chlorite of  soda  alone,  or  standing  over  mercury,  be  exposed 
to  the  light  for  several  days,  it  will  very  gradually  evolve  a 
minute  quantity  of  oxygen,  which  shows  that  in  determining 
urea  we  should  not  allow  the  experiment  to  go  on  for  too  long 
a time;  but,  if  left  for  a day,  or  even  two,  it  will  scarcely 
make  any  appreciable  effect  on  the  quantity  of  gas  evolved 
in  testing  for  urea. 

The  reaction  which  appears  to  take  place  in  the  process 
seems  to  be  the  following : The  hypochlorite  of  soda  acting 
on  the  urea  gives  rise  to  the  formation  of  carbonic  acid, 
water,  and  chloride  of  sodium,  together  with  the  evolution  of 
nitrogen  gas.  Thus 

C2H4N202  + 3 (CIA  NaO)  = 2C02  + 4H0  + 3C1  Na+2  N. 

Urea.  Hypochlorite  of  soda. 

The  nitrogen  is  evolved,  and  the  carbonic  acid  is  absorbed 
by  some  of  the  hypochlorite  of  soda  in  excess,  which  absorbs 
carbonic  acid  very  quickly  without  evolving  any  other  gas ; 
and  Dr.  Davey  failed  in  several  experiments  to  detect  the 
smallest  portion  of  carbonic  acid  in  the  gas  produced  by  acting 
on  urea,  though  he  always  noticed  the  presence  of  a very 
minute  quantity  of  oxygen  in  the  nitrogen  gas. 

Dr.  Davey  has  also  ascertained  that  several  of  the  sub- 
stances found  in  urine  during  disease,  as,  for  example,  sugar, 
albumen,  biliary  and  excess  of  urinary  colouring  matter, 
produce  scarcely  any  effect  on  the  results  obtained  by  this 
method. 

We  here  give  the  literature  of  other  methods  for  ascer- 
taining the  quantity  of  urea  in  urine  : 

Lecanu,  ‘Journal  de  Pharm./  vol.  xvii,  p.  651. — In  the 
form  of  nitrate. 
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Heintz,  ‘ Poggencl.  Ann./  vol.  lxvi,  p.  114.;  vol.  lxviii,  p. 
393 ; Rags/cy , ‘ Annal.  cl.  Chem.  und  Pharm./  vol.  liv,  p.  29. — 
In  the  form  of  (sulphate  of)  ammonia. 

Millon,  ‘ Compt.  rend./  vol.  xxvi,  p.  119. — In  the  form  of 
carbonic  acid  and  nitrogen. 

Draper,  ‘ Journ.  of  Pract.  Cliem./  vol.  lx,  p.  381. 


Physiological  quantity  of  Urea. 

Numerous  experiments  have  shown  that  a healthy  man, 
who  lives  well,  discharges  on  an  average  from  30  to  40 
grammes  of  urea  in  twenty-four  horn’s,  which,  calculated  upon 
one  hour,  gives  1*25  to  1’66  grammes.  This  average  must  of 
course  vary  a little  according  to  the  size  of  the  individual ; 
and  in  the  individual  it  must  be  dependent  on  accidental  cir- 
cumstances, which  will  sometimes  change  it,  and  in  rare  in- 
stances will  produce  extreme  maxima  and  minima.  But  for 
practical  purposes  the  above  figures  are  valuable,  even  though 
subject  to  the  variations  mentioned.  It  would  be  a much 
better  basis  for  comparative  researches  at  the  bedside,  if'  the 
average  amount  of  urea  could  be  expressed  in  proportion  to 
certain  units  of  weight  of  the  body,  say  pounds  or  kilo- 
grammes, or  units  of  measure  of  length  of  body,  say  centi- 
metres. But  many  experiments  will  be  requisite  before 
sucli  a basis  can  with  safety  be  given. 

It  would  be  useless  here  to  enter  into  any  speculation  or 
theory  on  the  mode  and  place  of  formation  of  urea  in  the  sys- 
tem. We  leave  it  undecided  whether  it  is  made  in  the  blood, 
or  blood- corpuscles,  or  in  the  muscles,  however  important  the 
decision  of  these  questions  may  be.  But  one  great  fact  is 
undoubtedly  established ; namely,  that  as  urea  is  the  prin- 
cipal product  of  the  metamorphosis  in  the  body  of  nitrogenized 
food,  the  quantity  of  urea  must  stand  in  a direct  relation  to 
the  quantity  of  food  taken ; or,  if  little  or  no  food  be  taken, 
to  the  amount  of  nitrogenized  component  parts  of  the  body 
disintegrated  in  the  place  of  food.  In  this  sense  must  be 
taken  the  expression  that  urea  is  the  measure  of  dissimilation, 
if  I may  be  allowed  to  use  this  term  as  the  antithesis  of  assi- 
milation. “ Der  Harnstoff  ist  das  Maass  des  StoflVechsels,” 
says  Bischoff.  And  this  is  so  nearly  true  that  (with  a slight 
modification  of  the  sentence)  we  may  say — the  amount  of 
urea  is  the  measure  of  the  most  important  part  of  the  change 
of  matter  in  the  system.  The  intensity  of  the  change  is  ex- 
pressed by  the  amount  of  urea  in  the  urine.  More  urea  is 
produced  during  waking,  than  during  sleep ; more  during 
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bodily  and  mental  exertion,  than  during  an  equal  period  of 
inactivity.  A large  amount  of  nitrogenized  food  taken  into 
the  stomach  will  increase  the  amount  of  urea  above  the 
average ; a small  amount  of  vegetable  food  will  make  it  sink 
below  the  ordinary  medium. 

In  calculating  the  discharge  of  urea  with  regard  to  time, 
we  must  take  care  not  to  lose  sight  of  the  fact  that  the  pro- 
duction of  a given  quantity  within  a certain  time  may  appear 
larger  or  smaller  according  to  certain  circumstances,  which 
retard  or  facilitate  the  secretion  of  the  kidneys.  If  the 
amount  of  fluid  discharged  as  urine  become  very  small,  the 
amount  of  urea  discharged  in  a given  time  will  also  be  smaller 
too,  owing  no  doubt  to  a part  of  the  urea  formed  being  re- 
tained in  the  system,  particularly  in  the  blood  and  muscles. 
If,  on  the  contrary,  the  kidneys  have  to  discharge  a larger 
amount  of  water,  the  total  quantity  of  urea  will  be  raised 
above  the  average ; because  an  amount  of  urea  which,  under 
ordinary  circumstances,  would  be  retained  in  the  system  for 
a time,  is  discharged  with  this  increased  bulk  of  water.  This 
is  the  case  for  solids  generally,  and  we  may  well  say  that 
a large  quantity  of  water  acts  as  a diuretic  so  long  as  there 
are  soluble  substances  in  the  blood  to  be  carried  away 
with  it. 


Pathological  indications. 

If  the  amount  of  urea  remain  above  or  below  the  average 
for  any  length  of  time,  so  that  the  possibility  of  an  accidental 
variation  is  excluded,  it  is  a symptom  of  disease. 

I will  first  consider  the  excess  of  urea.  It  is  common  in 
the  stadium  incrementi  up  to  and  over  the  acme  of  all  acute 
febrile  diseases,  such  as  typhus1  and  pneumonia,  &c. ; and  the 
total  quantity  of  urea  discharged  in  twenty-four  hours  may 
amount  to  50,  60,  or  80  grammes  (A.  Arogel),  being  double 
the  amount  of  that  discharged  during  health.  This  increase 
becomes  a more  important  feature  of  disease,  when  the  in- 
gestion of  nitrogenized  matter  falls  to  a minimum  at  the 
same  time;  in  other  words,  because  these  patients  have 
mostly  no  appetite,  and  if  they  have,  are  obliged  to  restrain 
it  by  the  dietetic  rules  of  their  medical  attendant.  As  soon, 

1 Dr.  Alfred  Vogel,  Harnuntersucliungen  nach  Liebig’s  neuer  Methode.  Ilenle 
uud  Pfeufer,  ‘ Zeitschrift  fiir  rationelle  Medicin.,’  Neue  Folge,  Band  i,  1854, 
p.  362.  Also  the  same  author’s  ‘ Monograph  on  Typhus.’ 

For  some  particulars,  see  the  review  of  Dr.  Stromeyer’s  work  on  Typhus,  in 
‘ Assoc.  Med.  Journal,’  1856,  p.  46. 
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however,  as  the  fever  has  abated,  the  amount  of  urea  will 
sink ; and  that  the  lower  below  the  normal  quantity,  the  less 
food  the  patients  are  able  to  take  from  the  continuance  of  loss 
of  appetite,  or  from  the  inadequacy  of  the  organs  of  digestion 
to  perform  their  task.  But  as  the  patients  recover  appetite 
and  strength  the  amount  of  urea  rises  to  its  usual  height. 
The  same  process  is  observed  during  the  exacerbations  of 
chronic  disease,  which  in  fact  constitute  an  acute  episode  in 
the  long  train  of  symptoms.  So  an  exacerbation  of  phthisis 
may  be  accompanied  by  urine  similar  to  that  of  an  attack  of 
pneumonia,  containing  an  excess  of  urea. 

But  iu  diseases  which  are  chronic  and  accompanied  by 
impaired  nutrition,  the  amount  of  urea  sinks  below  the 
average. 

The  lowest  amount  of  urea  which  I have  ever  observed  to 
be  discharged  by  a patient  during  twenty-four  hours,  was  75 
grains,  in  200  fluid  drachms  of  pale,  faintly  alkaline  urine. 
This  was  from  a lady  suffering  from  an  ovarian  tumour,  for 
which  she  had  been  salivated  several  years  ago.  The  growth 
of  the  tumour  had  been  arrested  since  that  time,  but  an  anse- 
miated  condition  of  the  body  had  established  itself,  against 
which  all  treatment  was  tried  in  vain. 

So  low  an  amount  of  urea  as  75  or  90  grains  in  twenty- 
four  hours  generally  only  occurs  towards  the  fatal  end  of 
diseases,  when  not  only  the  production  of  urea  is  very 
limited,  but  also  the  excretory  activity  of  the  kidneys  begins 
to  become  languid. 

The  diminution  of  the  quantity  of  urea  may,  however,  be 
due  to  the  failure  of  the  excretory  activity  of  the  kidneys  only, 
though  at  the  same  time  an  excess  may  be  produced  in  the 
system.  The  excess  is  then  retained  in  the  blood,  tissues,  and 
juices  of  the  body,  and  causes  the  cachexia  commonly  known 
as  ursemia,  which,  if  it  be  true  that  the  products  of  decompo- 
sition of  urea,  namely,  ammonia  and  carbonic  acid,  are  the 
materies  et  causa  morbi,  had  better  be  called  ammonamiia. 
When  urea  is  retained  water  is  also  mostly  retained  in  part, 
and,  by  its  effusion  into  the  cavities  and  cellular  tissue,  causes 
dropsical  disease.  Urea  may  then  be  detected  in  most  se- 
cretions, excretions,  exudations,  and  effusions.  It  is  the 
same  with  dropsical  effusions  from  other  causes  : they  contain 
in  solution  an  amount  of  urea  derived  from  the  blood,  but  in 
these  cases  the  impairment  of  the  excretory  activity  of  the 
kidneys  is  a secondary  symptom,  and  scarcely  ever  causes 
that  amount  of  retention  of  urea  which  may  lead  to  uriemia. 
And  even  then  the  kidneys  may  be  stimulated  by  diuretics 
or  by  exercise,  or  a spontaneous  rally  of  the  system  may  re- 
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vive  their  excretory  activity,  when,  with  a large  amount  of 
urine,  a proportionally  large  quantity  of  urea,  which  has 
been  accumulated  in  the  system,  may  be  discharged.  The 
amount  of  urea  will  here  indicate  the  amount  of  depuration 
effected,  just  as  in  retention  of  urea  the  smaller  amount  dis- 
charged will  allow  us  to  calculate,  taking  the  whole  case  into 
consideration,  the  amount  produced,  and,  by  subtraction,  the 
amount  retained  in  the  blood. 


CHAPTER  IV. 


URIC  ACID. 


Composition  and  History. 


Symbol : U. 
for  100  parts  : 


The  composition  of  uric  acid  is  the  following 


Carbon  . 35*714 

Hydrogen  . IT  91 

Nitrogen  . 33333 

Oxygen  . 19048 

Water  . 10‘ 7 14 


100-000 


This  gives  the  formula  C5HN202  + HO,  being  half  the  for- 
mula of  some  authors.  We  adopt  the  formula  of  Gerhardt,1 
C1()H4N4Of.  + 4Aq  = C10H2N4O4,  2HO  + 4Aq.  We  shall  find 

this  formula  more  convenient  for  explaining  the  composition 
of  the  urates. 

Uric  acid  was  discovered  and  described  by  Schcele2  in  1776, 
as  the  constituent  of  urinary  calculi.  As  from  its  properties 
it  appeared  to  be  an  acid,  Morveau3  gave  it  the  name  of  lit  hie 
acid.  The  labours  of  Bcrgmann4,  and  of  Fourcroy  and  Vau- 
quelin,5  are  of  importance  in  the  history  of  this  substance,  as 
following  and  confirming  the  observations  of  Schcele. 
Fourcroy  changed  the  name  of  lithic  to  that  of  uric  acid, 
the  name  now  universally  adopted.  The  following  is  the  rest 
of  the  historical  literature  : 

Bruynatelli,  ‘ Ann.  dc  Chim/  vol.  xxviii,  p.  56. — Found 
oxalic  acid  by  decomposition  with  N06. 

' Loc.  cit.,  p.  544. 

2 1 Kongl.  Vet.  Acad.  Handbl.,’  1776,  p.  327.  Scheele’s  ‘Chemical  Essavs,’ 
p.  199. 

3 ‘Encycl.  Meth.  de  Chimie,’  art.  “ Acides;’  or,  Lavoisier’s  ‘ Traite  de 
Chimie,'  p.  318. 

* ‘Kongl.  Vet.  Acad.  Ilandbl.,’  1776,  p.333 

5 * Ann.  de  Chimie,’  xvi,  63,  and  xxvii,  225  and  286. 
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Pearson,  ‘ Philos.  Transact./  1798.  p.  15. 

Gay-Lussac,  ‘Ann.  de  Chim./  vol.  xcvi.,  p.  53. — First 
elementary  analysis. 

Henry,  ‘ Mem.  of  the  Lit.  and  Phil.  Soc.  of  Manchester/ 
2d  series,  vol.  ii  (1813). 

Berard,  ‘Ann.  de  Chim.  ct  de  Phys./  vol.  ccxcii  (1817). 

Prout,  ‘ On  the  nature  and  proximate  principles  of  Urine/ 
‘ Medico-Chir.  Trans./  1817. 

Kodiveiss,  ‘ PoggendorfFs  Annal./  vol.  xix,  p.  1 (1830). 

Mitscherlich,  ibid.  vol.  xxxiii.  p.  335. 

Liebig,  ‘Annalen  d.  Pliarm./  vol.  x,  p.  47  (1834). 

Chevallier  and  Lassaigne,  ‘Ann.  de  Chim.  et  de  Phvs./  vol. 
xiiij  p.  158. 

Wohler  and  Liebig,  ‘ Annal.  d.  Pharm./  vol.  xxvi,  p.  241  ; 
‘Ann.  de  Chim.  et  de  Phys./  vol.  lxviii,  p.  225  (1838). — 
The  nature  of  uric  acid  and  all  its  derivatives  finally  es- 
tablished. 

Occurrence  of  Uric  Acid,  and  methods  of  obtaining 

it  pure. 

Uric  acid  is  a constant  ingredient  in  urine,  from  which  it 
may  be  obtained  in  crystals,  and  combined  with  bases,  by 
cautious  concentration,  or  by  precipitation  with  an  acid.  It 
constitutes  many  sediments  and  urinary  calculi,  and  patho- 
logically is  found  in  the  blood  and  gouty  concretions.  It  is 
found  in  the  urinary  excrements  of  many  animals,  from  the 
common  snail  upwards.  The  urine  of  birds  chiefly  consists 
of  urates,  so  that  100  kilogrammes  (or  parts)  of  guano  may 
be  made  to  yield  (by  BensclPs  method x)  2L  kilogrammes  (or 
parts)  of  chemically  pure  uric  acid.  The  excrements  of  ser- 
pents consist  of  almost  pure  urate  of  ammonia,  and  therefore 
they  are  the  most  convenient  material  for  procuring  pure  uric 
acid.  These  excrements,  if  in  large  solid  whitepieces,  command 
a price  at  present  of  from  nine  to  ten  shillings  the  pound.  For 
obtaining  pure  uric  acid  from  them,  the  following  process  is 
used : The  excrements,  after  being  reduced  to  a powder,  are 

1 ‘ Annal  d.  Chem.  und  Pharm.,’  lviii,  p.264.  For  other  methods  to  obtain 
uric  acid  from  calculi,  excrements  of  pigeons,  chicken,  and  even  from  human 
urine,  see — 

Bottger,  ‘ Archiv  d.  Pharm.,’  ix,  p.  132. 

Landerer,  ‘ Journ.  de  Pharm.’  (3),  xix,  p.  439. 

Arppe  (1853),  ‘Ann.  d.  Chem.  und  Pharm.,’  lxxxvii,  p.  237. 

These  methods  use  borax  instead  of  caustic  alkali.  Arppe  obtained  0-33  per 
cent,  of  pure  uric  acid  from  excrements  of  pigeons.  (Gerliardt,  loc.  cit.,  p.  546.) 

The  method  of  Delft's  is  much  like  the  one  here  described,  vide  ‘ Poggend. 
Annal.,’  lxxxi,  p.  311.  Liebig  and  Kopp,  ‘ Jahresbericht,’  1840,  p.  408. 
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dissolved  by  means  of  heat  in  a ley  of  caustic  potash  or  soda 
(one  part  of  solid  alkali  dissolved  in  ten  parts  of  -water),  and 
boiled  until  ammonia  is  no  longer  evolved.  The  solution  is 
now  filtered  through  paper,  after  which  a current  of  carbonic 
acid  is  made  to  pass  through  it  until  the  precipitate,  which 
at  first  is  jelly-like,  becomes  granular,  and  sinks  to  the  bottom 
of  the  vessel ; that  is,  until  the  fluid  has  become  quite  neu- 
tral. It  is  advisable  to  let  the  fluid  with  the  precipitate  stand 
over  night.  The  precipitate  is  the  acid  urate  of  the  alkali ; 
it  is  put  on  a filter  and  washed  with  cold  (iced)  water,  until 
the  filtered  fluid  and  water  used  for  washing  become  turbid. 
This  is  unnecessary  when  white  excrements  of  snakes,  or  even 
red  calculi  from  man,  are  employed,  as  the  precipitate  is 
mostly  perfectly  white.  The  salt  so  obtained  is  again  dis- 
solved in  the  dilute  alkaline  ley,  made  boiling  hot,  and  is  then 
poured  into  dilute  hydrochloric  acid,  which  must  be  more  than 
sufficient  to  neutralize  all  the  alkali.  Perfectly  white  and 
pure  uric  acid  is  hereby  precipitated,  and,  after  decanting, 
filtering,  and  washing,  is  dried.  It  consists  of  small  scales, 
being  irregular  rhombic  plates. 


Physical  properties  of  Uric  Acid. 

Uric  acid,  when  crystallizing  slowly  from  a solution, 
appears  in  dendritic  crystals,  which  may  sometimes  attain 
the  length  of  ^ or  -1  inch,  and  contain  2T5  per  cent.  =4  atoms 
of  water,  of  which  a part  is  given  off  at  the  ordinary  tempe- 
rature. On  adding  to  the  solution  of  a urate  some  hydro- 
chloric or  nitric  acid,  uric  acid  is  precipitated  as  a jelly-like 
mass,  which  is  transformed  into  anhydrous  scales  by  warming 
the  fluid. 

When  dry,  uric  acid  is  a white,  light  powder,  of  a satin 
lustre,  and  consists  of  small,  delicate  scales  with  irregular 
outline,  the  rhombic  plate  sometimes  defined.  It  is  destitute 
of  taste  and  smell.  It  is  nearly  insoluble  in  cold  water,  sparely 
soluble  in  hot.  One  part  of  the  acid  requires  for  solution 
1800  to  1900  pai’ts  of  boiling  water,  and  14,000  to  15,000 
parts  of  water  at  68°  F.  (20°  C.)  The  watery  solution  faintly 
reddens  litmus  paper. 

Uric  acid  is  a little  more  soluble  in  hydrochloric  acid  than 
in  water.  Boiling  hydrochloric  acid  dissolves  a considerable 
quantity  of  it ; it  crystallizes  partially  on  cooling,  and  com- 
pletely on  evaporation  of  the  acid.  In  sulphuric  acid,  uric 
acid  is  soluble  without  decomposition,  and  is  precipitated  from 
this  solution  by  the  addition  of  water. 
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Uric  acid  is  insol  able  in  alcohol  and  ether. 

Uric  acid  is  with  facility  dissolved  in  a solution  of  the 
common  or  tribasic  phosphate  of  soda,  as  also  in  solutions  of 
many  other  salts  of  the  alkalies,  particularly  in  higher  tem- 
peratures. In  these  cases  uric  acid  combines  with  part  of  the 
base,  and  thereby  gives  rise  to  the  formation  of  acid  salts, 
which  impart  to  the  solution  an  acid  reaction.  Of  these  pro- 
cesses we  shall  have  to  speak  when  treating  of  the  sediments. 

Crystallography. 

The  most  perfect  and  pure  crystals  of  uric  acid  that  can  be 
obtained  are  oblong  square  plates ; and  if  it  were  not  for  the 
combinations,  the  plates  themselves  would  pass  as  rectangular 
and  quadratic,  but  in  fact  they  are  rhombic  plates  with  ex- 
tremely obtuse  angles.  A secondary  prism  may  take  off  the 
angles  of  the  primary  plate  (plate  or  scale  being  only  another 
expression  for  flat  prism,  or  prism  in  which  only  two  axes  are 
developed) . When  the  secondary  prism  begins  to  predominate, 
we  have  an  hexagonal  plate.  In  this  form  uric  acid  is  fre- 
quently obtained  in  precipitating  it  with  acetic  acid  from  its 
ammoniacal  solution.  In  this  form  it  also  crystallizes  from 
its  solution  in  hydrochloric  acid.  Plate  I,  fig.  5 and  6. 

In  many  cases  the  one  pair  of  opposite  angles  of  a plate 
become  more  acute,  the  other  more  obtuse;  and  plates  may 
be  observed  varying  from  the  rectangular  form  to  that  of 
needles.  To  these  elementary  forms  all  the  crystals  of  uric 
acid  occurring  either  in  the  form  of  spontaneous  deposits  in 
the  urine  or  as  products  of  a chemical  process  may  be 
referred. 

Occasionally  twin  crystals,  composed  of  two  rhombic  plates 
crossing  at  right  angles,  or  at  an  angle  of  45°,  are  observed. 
There  is  another  multiplication  of  spinous  crystals  imitating 
the  square  plate,  or  placed  upon  the  square  plate.  This 
modification  is  usually  large,  and  frequently  obtained  from 
urine  by  the  addition  of  nitric  acid. 

The  reader  being  thus  in  possession  of  the  regular  forms  is 
enabled  to  classify  all  the  irregularities  usually  occurring  in 
spontaneous  deposits.  He  will  at  a glance  be  able  to  put  each 
of  the  forms  in  figure  1 on  Plate  II  in  its  proper  place. 

The  common  rhombic  plates  of  uric  acid  deposits,  when 
formed  rather  quickly  round  another  substance,  such  as 
granules  of  urates,  present  holes  in  their  substance,  and  irre- 
gularities, such  as  usually  attend  a hasty  formation.  The 
obtuse  angles  frequently  become  rounded  off,  less  frequently 
the  pointed  angles.  In  both  cases  the  rhombic  plates  become 
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oval.  This  rounding  off  of  the  obtuse  angles  is  characteristic 
of  the  so-called  lozenges. 

It  would  he  useless  to  describe  all  the  varieties  of  crystal- 
lization in  which  uric  acid  deposits  may  occur.  If  the  reader 
is  once  acquainted  with  the  types,  he  will  have  no  difficulty 
in  classing  any  deposit  that  may  occur  to  him.  As  yet  no 
rule  has  been  found  according  to  which  one  or  the  other  of 
the  varieties  of  crystals  is  formed.  Concentration  and 
temperature  of  the  urine,  the  relative  quantities  of  its  ingre- 
dients, particularly  the  absence  or  presence  of  colouring 
matter,  and  its  amount,  the  nature  and  quantity  of  the  acid 
by  which  uric  acid  is  precipitated,  determine  the  nature  of 
the  crystallization.  It  is  the  same  in  producing  crystals 
artificially.  If  the  urine  be  kept  in  a warm  place  for  that 
purpose,  the  crystals  will  be  the  largest  that  can  be  obtained 
by  any  means.  I have  obtained  crystals  one  quarter  of  an 
inch  in  length. 

Uric  acid  has  the  property  of  polarizing  light.  The  large 
plates  obtained  artificially  polarize  only  faintly,  as  they  are 
invariably  covered  with  a sort  of  dew.  But  the  more  trans- 
parent the  crystals  become,  the  more  beautiful  will  be  the 
colours  they  exhibit  under  polarized  light.  Crystals  obtained 
from  urine  by  acetic  acid  and  from  a solution  in  hydrochloric 
acid  are  particularly  suited  for  the  experiment  on  polarization. 

Metamorphoses  of  Uric  Acid  by  different  agents. 

Under  the  influence  of  heat,  uric  acid  is  decomposed 
without  being  fused.  By  dry  distillation,  a sublimate  is 
obtained,  consisting  of  cyanuric  acid,  urea,  carbonate  of 
ammonia,  and  cyanide  of  ammonium.  At  the  same  time  a 
great  deal  of  hydrocyanic  acid  escapes,  and  some  carbon 
remains  behind,  which  is  porous  and  contains  nitrogen. 

Concentrated  nitric  acid  (4  parts  of  T42  specific  gravity) 
dissolves  uric  acid  (1  part)  under  effervescence,  carbonic  acid 
and  nitrogen  being  disengaged.  The  reaction  consists  in  the 
formation  of  alloxan,  urea,  and  nitrous  acid  ; the  latter  decom- 
posing urea,  in  the  moment  of  formation,  into  carbonic  acid 
and  nitrogen  [vide  Urea,  p.  46).  Alloxan  remains  in  large 
colourless  rhombic  octahedra,  which  are  disintegrated  under 
the  influence  of  air,  and  are  readily  soluble  in  water.  The 
solution  reddens  litmus  paper,  and  imparts  a purple  colour  to 
the  skin. 

On  dissolving  uric  acid  in  dilute  nitric  acid,  alloxantinc  is 
obtained,  which  is  distinguished  by  producing  a purple 
reaction,  when  ammonia  is  added  to  its  warm  solution. 
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This  colour  is  due  to  the  formation  of  murexide,  otherwise 
known  under  the  name  of  purpurate  of  ammonia.  This 
reaction  is  diagnostic  of  uric  acid. 

On  making  uric  acid  and  water  into  a pap  and  gradually 
adding  peroxyde  of  lead;  and  keeping  the  mixture  near  the 
boiling  point,  the  lead  is  transformed  into  the  oxalate  of  lead, 
carbonic  acid  is  evolved  with  effervescence,  and  the  filtered 
fluid  deposits  crystals  of  allantoine  on  cooling.  The  mother- 
liquor  yields  urea. 

This  reaction  consists  in  the  first  instance  in  the  trans- 
formation of  uric  acid  into  allantoine,  carbonate  of  lead  being 
formed.  Part  of  the  allantoine  is  further  decomposed  into 
urea  and  oxalic  acid. 


C]0H4N4Og  + 2HO  + 2Pb  02  = C8H6N4Ofi  + 2(PbO,  C02) 


Water.  Peroxyde  of  Allantoine.  Carbonate  of  lead, 
lead. 


Uric  acid. 

C8H6N406  + 2HO  + 2PbO.,  = 2(C2H4N,02)  + 2(PbO,  C203) 


Allantoine.  Water.  Peroxyde  of 

lead 


Urea. 


Oxalate  of  lead. 


All  substances  derived  from  uric  acid  may  be  transmuted 
either  into  urea  and  oxalic  acid,  or  into  urea  and  mesoxalic 
acid.  This  has  led  to  the  assumption  of  three  radicals 
in  uric  acid,  of  which  the  one,  Cy  (cyanogen),  is  the  radical 
of  urea;  the  second  one,  C„02  (oxalyl),  the  radical  of  oxalic 
acid;  and  the  third,  C303  (mesoxalyl),  of  mesoxalic  acid. 
Upon  this  basis  the  dcrivates  of  uric  acid  have  been  grouped 
by  Gerhardt1  as  follows  : 


Uric  Acid  Group. 

a.  Cyan-mesoxalic  acid  sub-  b.  Cyan-oxalic  acid  sub- 
group. group. 

Uric  acid. 

Alloxan.  Parabanic  acid. 

Dialuric  acid  1 Hydrogenized 
Alloxantine  j Alloxan. 

Allantoine. 

Oxalic  acid. 

Urea. 


Mesoxalic  acid. 


1 Uoc.  cit.,  p.  514. 
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It  will  be  found  useful  to  have  mentioned  these  relations, 
as  we  shall  have  to  explain  several  phenomena  on  their 
basis. 


Determination  of  Uric  Acid  in  Urine} 

On  adding  to  the  solution  of  any  urate,  either  hydrochloric, 
nitric,  or  acetic  acid,  uric  acid  is  precipitated.  If  the  solution 
of  the  urate  is  concentrated,  the  precipitate  will  fall  imme- 
diately, and  consists  of  amorphous  hydrated  uric  acid, 
becoming  crystalline  by  heat  or  standing.  But  if  the  solution 
is  dilute,  no  immediate  precipitate  is  formed,  but  crystals  of 
uric  acid  form  after  some  (twenty-four  to  forty-eight)  hours 
of  standing ; and  they  will  be  the  larger  in  proportion  to  the 
time  required  for  their  formation. 

To  obtain,  therefore,  uric  acid  from  urine,  it  is  precipitated 
by  the  addition  of  an  acid,  no  matter  whether  the  urine  is 
normal,  or  contains  sugar,  albumen,  or  any  of  the  soluble  con- 
stituents of  blood.2  If  the  urine  be  normal,  and  contain  no 
albumen,  nitric  acid  is  best  used,  and  the  urine  is  allowed  to 
stand  in  a warm  place,  a sand-bath,  or  any  warm  corner.  A 
temperature  of  98°  F.  (36‘670  C.)  has,  moreover,  the  advantage 
of  not  admitting  the  precipitation  of  any  urates,  which  are  not 
easily  acted  upon  by  the  dilute  acid.  The  crystals  formed  in 
higher  temperatures  are  much  larger,  and  therefore  much 
easier  to  be  collected,  than  those  produced  at  the  ordinary 
temperature.  A quantitative  analysis,  therefore,  has  better 
chances  of  accuracy  in  this  way.  I do  not  recommend  hydro- 
chloric acid  for  precipitating,  because,  uric  acid  being  more 
soluble  in  it  than  in  water,  the  analysis  becomes  incorrect. 
In  some  instances  (for  example  a case  of  chronic  rheumatism) 
I have  obtained  no  definable  precipitate  by  hydrochloric  acid 
in  a sample  of  the  same  urine,  in  which  nitric  acid  produced 
a number  of  large  plates  on  the  surface  of  the  fluid  and  the 
sides  of  the  glass.  Moreover,  hydrochloric  acid  favours  the 
acid  fermentation  and  development  of  certain  descriptions  of 
confervoid  vegetations,  which  act  as  yeast-cells  on  the 
urates,  decomposing  them  very  rapidly.  This  process  is 
entirely  prevented  by  nitric  acid.  If  the  urine  contain 

' Heintz,  ‘ Poggend.  Ann.,’  lxx,  p.  122.  Lehmann,  ‘ Journ.  fur  Pract.  Chem.,’ 
xxv,  p.  17;  ‘ Lelirb.  der  Physiol.  Chem.,’  1853,  i,  p.  197.  Demonstration  of 
Uric  Acid,  vide  E.  v.  Gorup-Besanez,  ‘ Anleit.  zur  Zoochcm.  Analyse,’  1854, 
2d  edit.,  p.  186. 

2 Gerhardt,  loc  cit.,  p.  548. 
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albumen,  acetic  acid,  or  the  common  phosphoric  acid,  are 
best  used.  The  crystallization  of  uric  acid  may  be  said  to  be 
completed  when  all  the  crystals  are  of  nearly  uniform  size. 
But  as  we  possess  no  other  indication  on  this  point,  the 
acidulated  fluid  must  be  allowed  to  stand  rather  longer,  to 
make  sure  of  a perfect  precipitation.  The  crystals  are  col- 
lected into  a deposit,  washed  by  decanting,  and  collected  on 
a filter. 

It  has  been  estimated  by  Heintz  that  the  loss  incurred  by 
the  imperfect  insolubility  in  acidulated  urine  of  uric  acid 
amounts  to  9 parts  in  100,000  of  the  urine  used  for  the  analysis, 
and  that  this  loss  is  not  increased  by  the  presence  of  sugar, 
albumen,  or  the  soluble  constituents  of  blood.  In  all  cases 
this  loss  is  compensated  by  a certain  amount  of  red  or 
brownish  colouring  matter,  which  is  mechanically  but  inti- 
mately adherent  to  the  particles  composing  the  crystals. 
If  the  urine  contain  bile,  the  uric  acid  crystals  may  contain 
so  much  colouring  matter,  that  it  may  be  necessary  to  purify 
them  of  it.  This  result  is  best  obtained  by  the  following 
method  of  Lehmann : 

The  urine  is  evaporated  to  the  consistence  of  a syrup, 
which  is  extracted  with  alcohol.  The  insoluble  part  is  treated 
with  a dilute  solution  of  caustic  potash;  the  solution  so 
obtained  is  made  boiling  hot,  and  precipitated  by  acetic  acid, 
when  all  the  uric  acid  falls  down  in  a pure  state.  It  is  freed 
from  the  adherent  impure  fluid  by  washing  with  water  con- 
taining some  acetic  acid.  To  the  weight  of  the  uric  acid  so 
obtained,  the  above  estimated  loss  must  be  added.  In  speak- 
ing of  quantities  it  may  be  as  well  to  mention  that,  for  the 
quantitative  analysis  by  precipitation,  a measured  quantity  of 
urine  of  not  less  than  100  c.c.,  or  better,  150  c.c.,  is  neces- 
sary. To  this  in  a beaker  are  added  5 per  cent,  of  the 
ordinary  acids.  For  this  method  it  is  moreover,  from  obvious 
reasons,  advisable  not  to  use  urine  of  a very  low  specific 
gravity;  but  if  the  latter  be  less  than  1012,  to  concentrate 
the  fluid  by  evaporation  on  the  water-bath  to  about  the  normal 
average  specific  gravity.  For  the  method  of  Lehmann,  about 
50  c.c.  of  urine  will  be  sufficient  to  give  tolerable  results ; 
though  here,  as  everywhere,  the  relative  loss  diminishes  in 
proportion  to  the  increase  in  the  quantities  operated  on. 

The  precipitate  of  uric  acid  obtained  by  either  method, 
after  being  collected  on  a filter  of  known  weight,  and  there 
once  more  washed  with  water  acidulated  with  acetic  acid,  is 
now  dried  in  the  hot-water  bath.  When  dry,  it  is  placed 
between  two  watch-glasses,  fitting  closely  to  each  other  by 
ground  edges,  and  held  together  by  brass  clips  made  for  that 
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purpose.  This  apparatus  is  now  placed  over  sulphuric  acid 
until  cool ; its  weight  and  that  of  the  filter  being  known 
beforehand,  the  increase  in  weight  is  the  weight  of  the  uric 
acid  on  the  filter,  being  the  amount  of  uric  acid  contained  in 
the  amount  of  urine  employed. 


Volumetrical  Analysis  for  Uric  Acid. 

This  analysis  has  been  introduced  by  Dr.  Scholz,  of  Blank- 
enburg- am- II arz,  and  is  described  at  page  365  of  Dr. 
Mohr’s  treatise. 

Uric  acid  in  an  acid  solution  may  be  oxydized  by  a solution 
of  permanganate  of  potash  just  as  easily  as  the  salts  of  the 
suboxyde  of  iron.  Urea  has  no  influence  upon  the  perman- 
ganate, and  cannot  be  oxydized  any  further  in  this  manner. 
Creatine  discolours  a solution  of  permanganate  of  potash  or 
chamseleon  only  after  some  time  and  in  a higher  temperature. 
Ursematine  has  some  influence  upon  chamseleon.  In  order 
to  find  and  determine  the  equivalent  of  chamseleon  for  uric 
acid,  the  following  experiments  were  made  with  a solution 
of  chamseleon,  the  titre  of  which  was  : 1 cubic  centimetre  of 
solution  of  chamseleon  = 0 04-5603  grammes  of  ammonio- 
sulphate  of  suboxyde  of  iron.  (This  salt  I shall  hereafter 
describe  under  the  name  of  the  double  salt  of  iron.) 

I.  0-204  grammes  of  crystallized  air-dry  uric  acid  were 
dissolved  in  caustic  potash,  and  the  solution  was  over-satu- 
rated with  sulphuric  acid.  This  solution  required  23'9  c.c. 
of  chamseleon  = 1 ’0899  grammes  of  doublesalt  of  iron. 

Donblesalt  of  iron  x 0T8717  = uric  acid. 

II.  0‘102  grammes  of  uric  acid  required  12T  c.c.  of  cha- 
mseleon = 055179  grammes  of  doublesalt  of  iron. 

Doublesalt  of  iron  x 0T8489  = uric  acid. 

III.  0 323  grammes  of  uric  acid  required  369  c.c.  of 
chamseleon  = D6827  grammes  of  doublesalt  of  iron. 

Doublesalt  of  iron  x 0"  19194  = uric  acid. 

IV.  0"398  grammes  of  uric  acid  required  46  c.c.  of  cha- 
mseleon = U6827  grammes  of  doublesalt. 

Doublesalt  of  iron  x O’ 18972  = uric  acid. 

V.  0-278  grammes  of  uric  acid  = 32-1  c.c.  of  chamseleon 
= D4638  grammes  of  doublesalt. 

Doublesalt  of  iron  x 0-18990  = uric  acid. 

Leaving  the  second  experiment,  in  which  the  quantity  of 
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uric  acid  employed  was  too  small,  tlie  average  of  the  four 
other  experiments  is : 

Doublesalt  of  iron  x 0*18968  = crystallized  uric  acid. 

The  equivalent  of  crystallized  uric  acid  is  186,  which  divided 
by  the  multiplicator  0*18968,  gives  980*59  doublesalt  of  iron. 
186  parts  of  uric  acid,  therefore,  take  up  as  much  oxygen  as 
980*59  parts  of  doublesalt  of  iron.  Two  equivalents,  or  392 
parts  of  the  latter,  take  one  equivalent  or  8 parts  of  oxygen, 
consequently, 

392  : 8 ==  980*59  : x ; x = 20*012. 

186  parts  of  uric  acid,  therefore,  take  20*012  parts  of  oxygen, 
which  is  so  little  more  than  20,  that  we  can,  without  hesita- 
tion, assume  the  latter  figure  as  correct.  20  parts  are  two 
and  a half  equivalents  of  oxygen,  which  would  be  taken  by 
one  equivalent  of  uric  acid,  or  two  equivalents  of  uric  acid 
would  take  five  equivalents  of  oxygen.  If  from  20  back- 
wards we  attempt  the  correction  of  the  empirical  figure 
0*18968,  we  find 

1 86 

8 : 20  = 392  : 980,  and  ^ = 0*1897958, 

9o(J 

which  is  very  nearly  =0*19,  instead  of  the  empirical  value 
0*18968,  which  is  also  very  nearly  =0*19. 

Uric  acid,  in  the  form  of  a precipitate,  is  only  slowly 
oxydized  by  solution  of  cliamseleon.  It  is  best  to  dissolve  it 
in  caustic  potash,  and  after  dilution  to  mix  it  with  an  excess 
of  sulphuric  acid.  In  that  way  uric  acid  is  precipitated  so 
slowly  that  it  remains  in  solution  during  the  experiment. 

If  300  c.c.  of  urine  are  mixed  with  5 c.c.  of  sulphuric  acid, 
and  allowed  to  stand  for  a few  days,  the  uric  acid  is  precipi- 
tated. We  know  already  that  this  precipitate  contains 
extraneous  matters,  ursematine,  which  very  nearly  makes  up 
for  the  loss  of  uric  acid,  from  its  imperfect  insolubility  in  the 
acidified  urine.  The  following  experiments  show  these  diffe- 
rent relations  quantitatively : 

0*165  grammes  of  uric  acid  were  dissolved  in  300  c.c.  of 
water  by  the  aid  of  some  caustic  potash,  and  then  precipitated 
by  means  of  sulphuric  acid  and  standing  in  the  cold.  200 
c.c.  of  the  fluid  were  removed  from  over  the  precipitate  and 
tested  by  means  of  cliamseleon.  They  required  0*9  c.c.  of 
cliamseleon,  which  is  equal  to  0*00778  grammes  of  uric  acid. 
This  indicates  that  one  part  of  uric  acid  is  soluble  in  25,707 
parts  of  the  acid  fluid. 

The  precipitate  of  uric  acid  obtained  was  again  dissolved 
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iii  caustic  potasli,  the  solution  diluted  to  300  c.c.,  and  acidu- 
lated by  means  of  5 c.c.  of  sulphuric  acid.  200  c.c.  of  the 
fluid,  supernatant  to  the  precipitate,  again  required  O' 9 c.c. 
of  chamseleon.  In  another  experiment,  300  c.c.  of  the  super- 
natant fluid  saturated  1*4  c.c.  of  chamseleon.  These  results 
are  sufficiently  uniform. 

In  order  to  ascertain  the  amount  of  colouring  matter  which 
is  inclosed  in  the  crystals  of  a precipitate  of  uric  acid  from 
urine,  300  c.c.  of  urine  were  treated  with  5 c.c.  of  sulphuric 
acid,  and  allowed  to  stand  for  twenty-four  hours  ; the  entire  de- 
posit required  36'3  c.c.  of  chamseleon.  An  equal  quantity  of 
urine  was  precipitated  by  sulphuric  acid,  the  precipitate  dis- 
solved in  caustic  potash,  diluted  to  300  c.c.,  precipitated  with 
sulphuric  acid,  and  200  c.c.  of  the  supernatant  fluid  were 
tested  with  chamseleon.  Of  the  latter  there  were  required  2'6 
c.c.;  the  entire  300  c.c.  of  fluid,  therefore,  would  have  required 
3'9  c.c.  of  chamseleon.  If  we  deduct  of  this  T4  c.c.,  which 
were  required  for  300  c.c.  of  fluid,  from  a precipitation  of 
pure  uric  acid,  there  remain  2'5  c.c.  of  chamseleon  for  the 
matters  not  being  uric  acid  contained  in  the  first  uric  acid 
precipitate  from  urine. 

The  second  precipitate  of  uric  acid  was  yet  somewhat 
coloured,  and,  on  repetition  of  the  analysis,  the  chamseleon 
indicated  foreign  matters,  not  being  uric  acid,  to  the  value  of 
1 c.c.  of  the  solution.  The  supernatant  fluid,  from  a fourth 
resolution  and  precipitation  of  the  same  uric  acid  only  required 
as  much  chamseleon  as  the  supernatant  fluid  from  pure  uric 
sicid. 

The  total  quantity  of  matters,  not  being  uric  acid,  contained 
in  the  uric  acid  precipitate,  amounted  to  about  one  tenth  part 
of  the  whole.  Put  against  this  the  loss  from  the  imperfect 
insolubility,  the  excess  becomes  so  very  much  reduced,  that 
it  is  unnecessary  to  make  any  correction  of  the  rough  result 
found,  and  we  may  assume  the  two  errors  balancing  each  other, 
as  we  have  done  in  the  analysis  of  uric  acid  bv  weight. 

In  some  cases  the  amount  of  foreign  matter  precipitated 
with  uric  acid  may  amount  to  one  fifth  of  the  entire  precipi- 
tate. In  this  direction  further  researches  are  necessary. 

4 1 

Salts  of  Uric  Acid — Urates. 1 

As  uric  acid  is  a bibasic  acid,  there  are  two  different  kinds 
of  urates,  the  neutral  and  the  acid  salts.  Of  these,  only  the 
latter  occur  in  urine,  one  equivalent  of  base  being  replaced  by 

1 it.  Bensch,  ‘Ann.  d.  Cheni.  und  Pharm.,’  liv,  p.  189.  Allen  and  Bensch, 
ibid.,  lxv,  p.  181. 
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one  equivalent  of  water,  according  to  tlie  following  formula. 
M = metal. 

C,„H2NAh8|  = C10HaMN4O6  (Gerhardt). 

All  urates  are  either  insoluble  or  only  slightly  soluble  in 
water. 

Urate  of  ammonia.  C10H3(NH4)N4Oc.— This  salt  is  always 
produced  when  uric  acid  and  ammonia  are  allowed  to  act 
upon  each  other.  When  pure  and  dry  it  is  a white  amor- 
phous mass,  perfectly  soluble  in  water,  one  part,  however, 
requiring  for  solution  1008  parts  of  water  at  77°  F.  (25°  C.) 

Some  authors  state  that  urate  of  ammonia  requires  2789 
parts  of  urine  for  solution,  and  that  the  solubility  is  increased 
by  the  presence  of  a moderate  quantity  of  saline  matter.  The 
solvent  power  of  urine  for  urate  of  ammonia  should  he  equal 
to  that  of  pure  water.  But  as  no  urine  is  quite  free  from 
urate  of  ammonia,  and  the  latter  cannot  he  separated  without 
destroying  the  character  of  the  former,  it  is  very  difficult, 
nay  impossible,  to  determine  the  solvent  power  of  urine  for 
urate  of  ammonia,  the  more  so  as  it  is  next  to  impossible,  for 
practical  purposes  at  least,  to  separate  urate  of  ammonia  from 
urate  of  soda.  To  saturate  urine  with  urate  of  ammonia, 
and  afterwards  find  the  amount  dissolved,  is  as  yet  an  unsafe 
proceeding,  because  various  causes  may  tend  to  increase  the 
amount  of  ammonia  found,  which  would  have  to  be  placed 
to  the  account  of  uric  acid. 

It  may  be  obtained  in  small  delicate  needles  by  treating 
uric  acid  in  boiling  water  with  an  excess  of  ammonia,  or  by 
dissolving  uric  acid  in  a warm  solution  of  ammonio-phosphate 
of  soda,  and  allowing  the  crystals  to  separate  by  rest.  In 
the  latter  case,  the  needles  are  united  in  groups,  irregular  or 
regular,  presenting  a star-like  arrangement  round  a globule. 
The  presence  of  urine  prevents  this  form  of  crystallization. 
When  crystallizing  out  of  a solution  in  ammonia,  it  forms 
roundish,  oval,  or  dumb-bell-like  masses  of  a radiated  struc- 
ture and  polarizing.  This  form  is  met  with  in  the  urine  of 
birds.  When  appearing  as  a precipitate  in  alkaline  (ammo- 
niacal)  urine,  it  forms  very  slender  dumb-bells.1  This  form 
I have  met  with  in  perfectly  black  alkaline  urine  from  a child 
suffering  from  dropsy  after  scarlatina.  It  was  mixed  with 

1 Prout,  ‘ On  Stomach  and  Urinary  Diseases,’  3d  ed.,  pi.  i,  fig.  4.  Ibid.,  i, 
figures  of  urate  of  NH3,  as  it  occurs  in  the  alkaline  urine  of  hemiplegic,  or 
paraplegic  patients,  v.  Funke,  ‘ Atlas,’  taf.  xiii,  figs.  5 and  6. 
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rosettes  and  hexagonal  plates  of  nrate  of  soda,  the  deposit 
being  perfectly  black  after  filtration. 

Urate  of  ammonia  has,  in  a few  instances  of  albuminous 
urine  in  dropsy  after  scarlatina,  been  observed  in  the  form  of 
spherules,  with  crystals  of  uric  acid  adhering  to  their  surface. 
This  appearance  is  illustrated  in  fig.  25  of  Dr.  G.  Bird’s  work. 
I have  succeeded  in  producing  this  deposit  artificially.  A 
patient  having  contracted  a severe  cold  by  exposure  to  rain 
and  cold  in  one  of  our  fashionable  public  gardens,  dis- 
charged a large  amount  of  perfectly  white  urate  of  ammonia 
in  her  urine,  which  was  acid  and  of  yellow  colour.  I allowed 
the  deposit  to  subside  towards  the  bottom  of  the  vessel,  and 
after  having  decanted  the  supernatant  urine,  redissolved  the 
deposit  by  the  application  of  heat.  A concentrated  solution 
of  urate  of  ammonia  in  urine  being  so  procured,  some  hydro- 
chloric acid  was  added,  and  the  mixture  allowed  to  cool.  A 
copious  precipitate  of  spherules  and  granules  of  urate  of 
ammonia  soon  formed,  from  the  surface  of  most  of  which 
prisms  and  needles  of  uric  acid  began  to  crystallize.  Under 
the  continued  influence  of  the  acid,  however,  all  the  globules 
and  granules  of  urate  of  ammonia  were  transformed  into 
crystallized  uric  acid,  the  crystallization  beginning  with  the 
formation  of  minute  prisms,  which  gradually  became  larger 
and  longer.  The  round  and  irregidar  bodies  of  urate  of 
ammonia  polarized  faintly. 

As  a general  rule,  urate  of  ammonia,  when  occurring  as  a 
deposit,  forms  a dark,  granular,  perfectly  amorphous  precipi- 
tate. (PI.  Ill,  fig.  2.)  The  granules  may  adhere  to  linear 
masses,  or  appear  to  form  sausage-like  bodies ; the  latter 
appearance  is  easily  produced  by  rolling  the  thin  glass  cover 
of  the  object  a few  times  to  and  fro,  and  has  been  erroneously 
described  as  a peculiar  agglomeration  of  the  urate. 

To  the  naked  eye  these  deposits  of  urate  of  ammonia 
appear  as  a subtle  powder,  varying  in  colour  from  absolute 
whiteness,  through  rose-colour,  pink,  brick-red,  purple,  and 
brownish-red.  These  colours  are  best  observed  after  the 
deposit  is  collected  on  a filter. 

The  colour  of  urate  of  ammonia  and  of  urates  generally  is 
caused  by  the  adhesion  to  its  particles  of  an  abnormal  colouring 
matter,  urerythrine.  Dr.  G.  Bird’s  purpurine.  For  this  it  has 
so  great  an  attraction,  that  it  may  be  used  for  separating 
urerythrine  by  dissolving,  with  the  assistance  of  heat,  repeated 
quantities  of  urate  of  ammonia,  which,  on  cooling,  will  pre- 
cipitate, carrying  the  urerythrine  with  them. 

In  diseases  most  commonly  met  with,  the  brick-red  or 
pale  fawn-coloured,  so-called  lateritious  sediment  is  almost 
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always  mixed  with  the  urate  of  soda,  or  uric  acid,  or 
urate  of  lime  and  magnesia.  When  burnt  on  platinum  foil, 
there  remains  a white  ash,  containing  soda  and  lime ; the  for- 
mer demonstrated  by  imparting  a yellow  colour  to  the  flame 
of  the  blowpipe,  the  latter  by  being  soluble  in  acetic  acid 
and  precipitated  by  oxalic  acid. 

The  chemical  characters  of  this  substance  are  not  less 
marked  than  the  microscopic.  It  is  rarely  observed  in  urine 
until  after  it  has  cooled,  a circumstance  which  makes  it  very 
difficult  to  explain  how  urate  of  ammonia  can  possibly  form 
the  nucleus  of  a concretion.  It  readily  disappears  when  the 
urine  is  raised  to  the  temperature  at  which  it  left  the  body, 
or  when  the  mine  is  diluted  with  Avater.  It  is  soluble  in 
liquor  ammonise  and  liquor  potassse,  from  Avhicli  solutions 
uric  acid  is  precipitated  by  the  addition  of  acetic  acid.  When 
the  sediment  is  brought  into  contact  with  acetic  acid  or 
hydrochloric  acid,  it  is  sloAvly  transformed  into  uric  acid  crys- 
tals, ammonia  entering  into  combination  with  the  acid  and 
forming  a soluble  salt.  The  dry  deposit  gives  with  nitric  acid 
the  characteristic  reaction  of  murexide. 

Urate  of  soda.  C10H3NaN4O6. — This  salt  may  be  obtained 
artificially,  either  by  dissolving  uric  acid  in  caustic  soda,  and 
precipitating  it  by  a current  of  carbonic  acid,  or  by  mixing 
the  boiling  caustic  solution  with  bicarbonate  of  soda.  In  the 
latter  case  the  urate  is  formed  in  delicate  needle-shaped 
crystals.  Occurrence : in  the  urine,  dissolved  and  as  sedi- 
ment ; in  the  blood  during  gout ; in  the  gouty  concretions 
near  the  joints. 

It  is  soluble  in  123  to  125  parts  of  boiling  Avater,  and  re- 
quires 1100  to  1200  parts  of  Avater  of  77°  F.  (25°  C.)  The 
solution  is  neutral,  does  not  absorb  carbonic  acid ; a pre- 
cipitate is  produced  in  it  by  the  bicarbonates  of  the  alkalies, 
and  by  the  salts  of  baryta,  lead,  and  silver. 

Crystallization. — Urate  of  soda  forms  short  hexagonal 
prisms,  or  thick  six-sided  plates,  frequently  uniting  and  form- 
ing star-like  groups  :l  the  two  opposite  angles  of  these  plates 
measure  74°  50',  the  four  angles  between  these  tAvo  142° 
35'  (Gorup-Besanez,  p.  185).  In  this  form  it  is  met  Avitli 
in  urine  undergoing  the  process  of  alkaline  fermentation. 
The  artificial  salts,  as  obtained  by  the  above  process,  or  from 
the  blood,  form  needles.  If  obtained  by  digesting  pure  uric 
acid  in  a hot  solution  of  common  phosphate  of  soda,  it  crys- 

' See  also  Dr.  Golding  Bird,  loc.  cit.,  p.  139,  fig.  29.  Funke,  ‘Atlas,  taf.  iv, 

fig.  4. 
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tallizes  in  needles,  tufts,  stars,  spindle-like  figures,  and 
prisms,  when  it  is  allowed  to  separate  from  the  solution  on 
cooling.  Bat  if  a solution  of  urate  of  soda  he  allowed  to 
evaporate  spontaneously,  the  salt  is  deposited  in  simple  sphe- 
rical masses  and  granules. 

Dr.  Golding  Bird  met  with  the  urate  of  soda  in  the  urine 
of  persons  labouring  under  fever,  who  were  treated  with  car- 
bonate of  soda.  It  occurred  in  round,  yellowish  or  white, 
opaque  masses,  furnished  with  projecting,  generally  curved 
processes.1  I have  observed  the  same  deposit  of  an  extremely 
striking  character  (PI.  II,  fig.  3,)  in  the  urine  of  a child 
suffering  from  petechial  typhus,  who  was  not  treated  with 
the  carbonate  of  soda.  The  details  of  this  case  will  be  given 
under  the  paragraph,  Deposits  of  Urates  occurring  in  the 
urinary  passages,  p.  101.  The  same  deposit  occasionally 
occurs  in  the  urine  of  children  labouring  under  measles  or 
scarlet  fever. 

Urate  of  lime.  C1(lH3CaN40(;4-2Aq — This  salt  occurs  occa- 
sionally in  traces  and  small  quantities  in  the  urine,  in  sedi- 
ments, and  in  concretions,  particularly  the  gouty  tumours 
near  joints. 

It  may  be  obtained  artificially,  by  mixing  a solution  of 
chloride  of  calcium  with  a boiling  solution  of  urate  of  potash 
or  soda.  From  this  mixture  it  forms  as  an  amorphous  pre- 
cipitate. If  the  urate  employed  have  been  a little  alkaline, 
warty  groups  of  needles  are  sometimes  obtained.  It  is 
sparingly  soluble  in  water,  requiring  603  parts  of  cold  and 
276  parts  of  boiling  water  for  solution.  Its  solubility  becomes, 
however,  increased  by  the  presence  of  a small  amount  of 
chloride  of  potassium. 

On  combustion  it  leaves  carbonate  of  lime,  or  caustic  lime. 
On  being  digested  in  acetic  acid,  this  salt  is  destroyed,  uric 
acid  being  set  free ; from  the  acetate  of  lime,  the  base  may  be 
precipitated  by  oxalate  of  ammonia. 

Differential  diagnosis  of  urates. — As  uric  acid  is  readily  set 
free  by  stronger  acids,  its  presence  is  easily  enough  ascer- 
tained. The  bases  offer  little  difficulty  to  analysis,  if  they 
occur  separately;  but  if  they  are  mixed,  as  is  mostly  the  case, 
the  analysis  becomes  very  complicated.  It  is  for  this  reason 
that  we  do  not  know  as  yet  Avhether  the  fixed  or  the  volatile 
alkali  is  more  commonly  combined  with  uric  acid.  The 
question  being  moreover  of  no  great  practical  importance, 
some  time  will  probably  elapse  before  it  is  finally  settled. 

1 See  his  fig.  28. 
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Urate  of  ammonia. 

Urate  of  soda. 

Urate  of  lime. 

When  heated  in  a so- 
lution of  caustic  potash 
or  soda,  ammonia  is 
evolved. 

No  ash  is  left  on 
combustion. 

When  heated  in  a so- 
lution of  caustic  potash 
no  ammonia  is  evolved. 

On  combustion  it  leaves 
a white  ash  behind, 
which  blues  red  litmus 
paper,  and  effervesces 
with  acids  (carbonate  of 
soda).  The  solution  in 
acetic  acid  is  not  preci- 
pitated by  oxalic  acid. 

No  ammonia  with 
potash. 

On  combustion,  leaves 
a white  ash,  which  may 
be  alkaline  and  effer- 
vescent. Its  solution  in 
acetic  acid  is  precipitated 
by  oxalate  of  ammonia. 

If  a sediment  simply  filtered  from  the  urine  be  taken  for 
analysis,  an  ash  is  always  obtained  on  combustion.  For  the 
epithelia  from  the  kidneys  and  urinary  passages,  and  the 
mucus  from  the  bladder  contain  alkali  and  lime  : and  as  they 

* V 

are  mixed  with  the  deposit,  and  burnt  with  it,  they  are  placed 
to  the  account  of  the  uric  acid.  In  all  cases,  therefore,  it  is 
necessary  to  redissolve  the  deposit  in  the  urine  by  the  appli- 
cation of  heat,  and  to  filter,  when  all  organized  particles,  with 
the  mucus  and  uric  acid  crystals,  will  remain  on  the  filter. 
On  cooling,  the  deposit  will  form  again,  and  may  now  by 
filtration  be  obtained  free  from  admixtures.  But  colouring 
matter,  containing  iron,  still  adheres  to  the  urate ; and  how- 
ever small  the  amount  may  be,  it  would  leave  a residue  on 
combustion.  This  colouring  matter  must  therefore  be  re- 
moved by  washing  the  deposit  on  the  filter  with  boiling  alcohol. 

If  there  is  more  deposit  in  urine  than  it  will  dissolve  on 
the  application  of  heat,  which  is  sometimes  the  case  where 
the  deposit  has  come  ready  formed  from  the  bladder,  it 
becomes  necessary  either  to  dilute  the  urine  until  the  deposit 
is  dissolved,  to  filter  it  while  hot,  and  to  evaporate  again  to 
the  former  bulk,  or  to  filter  the  urine  cold,  and  then  dissolve 
the  urates  on  the  filter  by  the  assistance  of  hot  water.  This 
latter  solution  may  then  be  kept  separate,  and  on  evaporation 
will  leave  the  urates  in  a pure  state. 

Under  all  circumstances,  the  deposits  of  urates  may  be 
collected  on  a filter,  washed  with  alcohol,  dissolved  in  boiling- 
water  and  filtered  ; the  filtered  liquid  after  evaporation  leaves 
the  pure  urates. 

To  determine  the  urates  dissolved  in  urine,  the  latter  must 
be  evaporated  to  dryness,  and  extracted  with  alcohol ; the 
residue  consists  of  uric  acid,  urates,  and  inorganic  salts.  The 
urates,  which  form  part  of  the  scum  of  urine  while  it  is 
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evaporating,  appear  as  spherical  masses,  with  many  spicnla 
protruding  from  their  surfaces.  These  bodies  frequently  lie 
in  a film  of  phosphate  of  lime  and  magnesia.  When  urine  is 
evaporating  spontaneously,  similar  forms  are  frequently  seen. 
In  a concentrated  urine  from  fever,  urates  formed  on  spon- 
taneous evaporation  which  exactly  resembled  the  fig.  28  1 of 
Dr.  G.  Bird’s  work.  Hot  water  dissolves  the  urates  and  in- 
organic salts  from  the  residue  obtained  after  extraction.  If 
the  solution  he  now  concentrated,  and  cooled  down,  a part  of 
the  urates  will  precipitate,  after  which  they  may  be  collected 
on  a filter,  washed,  and  analysed  with  regard  to  their  pro- 
portions of  bases.  From  the  nrates  in  solution  with  the 
inorganic  salts  the  uric  acid  is  obtained  by  the  admixture  of 
another  acid,  and  from  the  composition  of  the  first  portion  of 
the  urates  the  amount  of  the  bases  which  were  combined 
with  this  uric  acid  may  he  calculated. 

Amount  of  Uric  Acid  discharged  during  twenty-four 

hours. 

Uric  acid  being  a normal,  i.  e.,  a constant  ingredient  of 
urine,  there  is  reason  to  expect  that  its  amount  may  stand  in 
a certain  proportion  to  the  ingesta  and  the  organic  changes. 
But  mere  reflection  on  the  nature  of  uric  acid,  on  its  relations 
to  urea,  uric  oxyde,  and  hypoxanthine,  or  its  occurrence  or 
absence  in  certain  animals  and  classes  of  animals,  on  the 
mode  in  which  its  occurrence  and  amount  in  animals  is  in- 
fluenced by  various  conditions,  natural  or  artificial — cannot 
supply  the  want  of  direct  observation  on  this  point,  however 
valuable  may  be  the  suggestions  derived  therefrom.  The 
number  of  direct  observations  is  very  small,  as  compared  with 
the  number  of  attempts  to  supply  this  want  hypothetically  by 
observations  on  lower  animals.  And  of  the  existing  observa- 
tions a great  number  are  entirely  useless,  because  they  refer 
only  to  1000  parts  of  urine,  with  no  regard  to  the  time  in 
which  it  was  discharged.  Some  otherwise  valuable  analyses 
have  been  executed  upon  abnormal  subjects,  as  those  of 
Lehmann  upon  himself.  The  only  really  useful  series  of 
analyses  we  possess  are  those  of  Becquerel2  and  Nenbauer3. 
According  to  the  former,  the  medium  amount  of  uric  acid 
discharged  during  twenty-four  hours  is  049  to  056  grammes. 
Neubauer  obtained  the  following  results  in  a scries  of  observa- 
tions on  two  healthy  individuals — 

1 Vide  Beale,  loc.  cit.,  p.  213. 

3 1 Seineictique  des  Urines,’  Paris,  1841,  p.  44. 

3 Vogel,  loc.  cit.,  p.  249. 
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Minimum. 

Medium. 

Maximum. 

First  Individual. 

Grammes 

Grammes 

Grammes 

First  series, 

5 days. 

Living  usual 

0-02 

0-28 

061 

Second  series, 

5 days. 

Ditto,  and  taking  warm 

1 

bath  of  thirty  minutes’ 
duration,  at  82°  F. 

. 0-36 

0 44 

0-53 

Third  series, 

7 days. 

Ditto,  daily  bath,  and 

-> 

drinking  500  c.c.  of 
Kochbrunnen,  Wies- 
baden 

> 013 

027 

0-50 

Second  Individual. 

First  series, 

8 davs. 

Living  usual 

0-33 

0-49 

0-67 

Second  series, 

5 days. 

Living  as  above  (2d  ser.) 

0-46 

0-60 

0-81 

Third  series, 

8 days. 

„ „ (3d  ser.) 

0-31 

051 

0-67 

Lehmann  found  that  he  discharged  on  an  average  1*18 
grammes  of  uric  acid  during  twenty-four  hours.  As  he  him- 
self supposes  this  to  be  an  abnormal  quantity,  we  must  leave 
the  observation  out  of  consideration  at  present,  since  we  are 
engaged  in  determining  the  normal  quantity. 

Considering  the  very  limited  number  of  observations, 
the  following  quantities  of  uric  acid  for  twenty-four 
hours  may  be  said  to  be  within  the  range  of  perfect 
health : 


Minimum.  Medium.1  Maximum. 

002  grammes.  0’5  grammes.  10  grammes. 

The  fluctuations  of  uric  acid  in  health  are  therefore  more 
considerable  than  those  of  any  other  constituent  of  urine, 
not  only  in  the  same  individual  during  so  short  a period  as 
five  days,  as  shown  by  Neubauer’s  first  series  of  observations 
on  the  first  individual,  but  the  averages  of  different  indivi- 
duals show  considerable  variations,  for  which  an  ample 
allowance  must  be  made,  before  in  any  given  case  the  amount 
discharged  can  be  said  to  be  abnormal ; viz.,  below  or  above 
the  average.  The  1T8  grammes  of  Lehmann  is  clearly  ab- 
normal, as  is  also  his  average  amount  of  urea.2  The  idio- 
syncrasy of  this  experimenter  is  most  probably  a large 
appetite. 

The  relations  of  urea  to  uric  acid  are  intimate ; their 
quantities  are  in  certain  proportions.  For  35  0 grammes  of 

' Dr.  G.  Bird’s  medium  is  81  grains  of  uric  acid  during  twenty-four  hours, 
which  is  very  nearly  the  above  medium,  which  is  7'72  grains. 

2 Vide  Dr.  G.  Bird,  loc.  cit.,  p.  7,  and  Simon’s  ‘ Beitrage  zur  Physiol,  und 
Pathol.  Chemie  und  Microscopie,’  Berlin,  1843,  B.  i,  p.  190. 


UltIC  ACID. 


95 


urea  secreted  in  twenty-four  hours,  0’5  grammes  of  uric  acid 
are  on  an  average  discharged  in  the  same  period.  Whether 
the  fluctuations  in  the  quantities  of  both  are  parallel  or  not, 
has  yet  to  he  ascertained.  In  disease  this  seems  to  he  the 
case,  as  will  presently  he  shown. 


Pathological  changes  in  the  quantity  of  Uric  Acid  discharged 

during  tioenty-four  hours. 

As  a question  clearly  put  is  half  the  answer,  we  may  he 
permitted  here  to  consider  what  proximate  conditions  of  the 
system  a rise  or  fall  in  the  quantity  of  uric  acid  beyond  the 
normal  limits  is  likely  to  indicate.  A deficiency  may  he  due 
to  a diminished  production  in  the  system,  as  in  anaemia, 
or  to  retention,  as  in  certain  stages  of  gout1  and  rheu- 
matism. It  is  at  least  questionable  whether  the  retention  is 
always  due  to  diseased  action  of  the  kidney.  Any  disease, 
however,  which  interferes  with  the  secreting  power  of  the 
kidney  by  changing  its  structure,  such  as  Bright’s  disease, 
is  certain  to  cause  retention  of  uric  acid  in  the  blood,  in  pro- 
portion to  the  retention  of  the  other  constituents  of  urine. 
(Scarlatina  seems  to  make  an  exception.  I have  certainly 
found  that,  in  some  cases  of  this  disease,  where  uric  acid  is 
frequently  present  in  excess  from  the  beginning,  so  as  to  he 
precipitated  in  a cloud  by  the  addition  of  an  acid,  the  amount 
of  uric  acid  does  not  decrease  parallel  to  the  fall  of  urea, 
when,  with  albuminous  urine,  dropsy  appears ; but  it  seems 
to  be  the  normal  amount,  nay  even  more,  at  a time  when  the 
amount  of  urea  is  about  half  the  normal  average.  Hundreds 
of  observations  will,  however,  be  necessary  to  establish 
whether  such  a process  is  the  rule  or  the  exception.) 

An  excess  of  uric  acid  may  be  due  to  excessive  production 
in  the  body,  particularly  when  the  increased  excretion  lasts  for 
a certain  time.  It  may,  however,  be  owing  to  the  discharge 
of  accumulated  uric  acid,  after  retention  in  the  blood.  In 
both  cases,  the  symptoms  accompanying  or  preceding  the 
excessive  excretion  must  be  our  guides  in  distinguishing  be- 
tween these  conditions. 

As  a general  rule,  i.  e.,  one  liable  to  exceptions,  it  may  be 
assumed  that  an  excessive  production  of  uric  acid  accom- 
panies an  excess  in  the  production  of  urea.  In  inflammatorv 
diseases,  fever,  and  certain  other  zymotic  diseases,  an  increased 
amount  of  uric  acid  is  met  with.  The  observations,  however. 


' ‘Med.-Chir.  Transact.,’  vol.  xxx,  p.  180. 
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require  to  be  reduced  to  figures,  and  repeated  with  special 
regard  to  time.1 

The  following  observations  of  Becquerel  are  entitled  to 
attention,  as  referring  to  the  total  quantities  of  uric  acid 
discharged  in  twenty-four  hours  : 


The  physical  properties  of  deposits  of  uric  acid  and  urates 
having  been  already  described,  I will  now  offer  a few  remarks 
on  the  circumstances  and  the  conditions  under  which  they 
occur.  As  the  deposits  of  urates  are  much  more  common 
than  all  other  urinary  deposits  taken  together,  it  is  of  parti- 
cular importance  to  define  their  value  as  a pathological  indi- 
cation. This  I shall  attempt  at  the  conclusion  of  this 
paragraph. 

Uric  acid  itself  is  not  soluble  in  the  blood,  at  least  not 
more  than  in  water ; it  is  only  so  in  combination  with  a base 
— ammonia,  soda,  or  lime.  Uric  acid,  when  occurring  in  the 
blood,  is  always  met  with  as  urate  of  soda  or  urate  of 
ammonia.  As  venous  blood  is  used  for  the  examination  (or 
mixed  blood,  if  taken  by  cupping),  the  urate  must  have  been 
an  acid  one,  since  the  free  carbonic  acid,  at  the  temperature 
of  the  body  or  at  that  of  the  common  air,  would  not  permit 
any  neutral  urate  to  exist,  but  would  withdraw  one  equivalent 
of  base.  In  venous  blood,  therefore,  the  urate  must  always 
be  an  acid  one  ; and  this  is  important  to  bear  in  mind.  The 
question  now  arises  whether  the  urate  must  also  be  an  acid 
one  in  arterial  blood;  whether  there  is  a sufficient  amount  of 
carbonic  acid  still  present  in  arterial  blood  to  keep  the  urate 
acid  ; or  whether  this  cause  of  its  acidity  no  longer  exists  in 
arterial  blood,  or,  if  present,  is  in  any  way  neutralized  by 
the  presence  of  oxygen.  Though  it  is  not  exactly  ascertained 
how  much  of  its  carbonic  acid  the  blood  loses  in  its  passage 
through  the  lungs,  yet  the  data  we  possess  are  quite  sufficient 

' From  the  omission  of  this  attention,  many  of  the  analyses  of  Becquerel  and 
L’Heritier  are  useless  for  our  purposes. 
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to  put  the  question  at  rest.  Magendie1  found  in  100  grammes 
of  venous  hlood  0078 grammes  of  carbonic  acid,  in  100  grammes 
of  arterial  blood  0‘066  grammes  of  carbonic  acid.  The  blood  in 
becoming  arterial  bad,  therefore,  lost  only  15-4  per  cent,  of 
its  carbonic  acid.  Considering  the  small  amount  of  uric  acid 
salts  which,  under  normal  circumstances,  is  at  any  time 
present  in  the  blood,  we  are  quite  justified  in  the  conclusion 
that  the  0’0G6  grammes  of  carbonic  acid  present  in  100 
grammes  of  arterial  blood  are  sufficient  to  keep  the  urate 
acid.  If  it  should  be  urged  that  there  is  some  ammonia 
in  the  blood,  which  might  make  the  urate  neutral,  I refer 
the  objector  to  putrefying  urine,  in  which,  notwithstanding 
a large  amount  of  free  ammonia,  the  urates  still  remain  acid. 
The  urates,  wherever  we  meet  with  them,  are  acid  salts,  and 
from  the  very  property  of  the  neutral  urates  to  be  converted 
into  acid  salts  by  the  mere  influence  of  carbonic  acid,  their 
occurrence  in  the  economy  is  impossible.  If,  therefore, 
Vogel2  assumes  that  neutral  urates  may  occur  in  the  urine 
(and,  as  he  believes,  by  the  supervening  of  an  acid  in  the 
urinary  passages,  may  be  transformed  into  acid  salts,  which 
being  less  soluble  form  a deposit),  he  thereby  contracts  a 
theoretical  debt,  which  we  are  sorry  to  say  he  will  never  be 
able  to  pay. 

Granting  therefore  that  uric  acid  is  already  formed  in  the 
arterial  blood  on  reaching  the  kidney ; that  it  can  only 
remain  in  solution  as  a urate,  and  that  an  acid  one ; and 
that  after  having  passed  the  kidneys  it  still  continues  to  be 
an  acid  urate;  where,  I ask,  are  now  the  difficulties  surround- 
ing the  explanation  of  the  secretion  of  uric  acid  in  the 
form  of  urates? 

Do  we  require  such  theories  as  that  of  Dr.  Golding  Bird, 
which  begins  with  an  impossibility,  and,  founded  upon  an 
opinion  of  Liebig,  long  since  abandoned,  is  merely  made  for  the 
purpose  of  explaining  the  acid  reaction  of  urine  by  the  forma- 
tion of  acid  phosphates  ? But  it  is  best  to  quote  his  words, 
which,  at  p.  84  of  his  fourth  edition,  are  thus  printed  in  italics  : 

“ Uric  acid,  at  the  moment  of  separation  from  the  blood, 
comes  in  contact  with  the  double  phosphate  of  soda  and 
ammonia,  derived  from  the  food,  forms  urate  of  ammonia, 
evolving  phosphoric  acid,  which  thus  produces  the  natural 
acid  reaction  of  urine.” 

Of  course,  if  uric  acid  itself  is  insoluble  in  the  blood,  and 

1 Vide  Gay-Lussac,  ‘ Ann.  de  Chimie  et.  de  Physique,’  1844,  t.  ii.  Also, 
F.  C.  Donders,  ‘ Physiologie  des  Menschen,’  Deutsch  von  F.  W.  Theile,  1856, 
vof,  i,  p.  369. 

2 Loc.  cit.,  p.  198.  Lehmann  has  the  same  opinion. 
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is  only  kept  dissolved  as  a urate,  mostly  the  urate  of  soda, 
how  can  it  be  separated  from  the  blood,  except  as  a urate  ? 
And  being-  secreted  as  a urate,  how  can  it  take  ammonia 
from  the  supposed  phosphate?  I will  even  go  further  back 
and  ask,  how  could  the  uric  acid,  even  if  it  were  free,  and  as 
such  contained  in  the  blood,  remain  so,  if  it  were  throughout 
the  whole  course  of  the  circulation  in  contact  with  the  very 
phosphate  with  whose  ammonia  it  is  to  combine  after  separa- 
tion from  the  blood  ? These  questions  I hand  over  to  the 
further  consideration  of  the  reader.  Dr.  Bird  continues — 
“ If  the  whole  bulk  of  the  urine  be  to  the  urate  of  ammonia 
formed,  not  less  than  about  2701  to  1,  the  secretion  will,  at 
the  ordinary  temperature  of  the  air,  remain  clear;  but  if 
the  bulk  of  fluid  be  less,  an  amorphous  deposit  of  the  urate 
will  occur.” 

This  is  the  simple  expression  of  the  fact,  as  we  meet  it 
every  day,  that  urates  are  more  soluble  in  warm  than  in  cold 
water  or  urine.  But  whether  they  require  about  2701  (Dr. 
Bird),  or  2789  (Dr.  B.  Jones),  or  1608  times  ( vide  under 
urate  of  ammonia),  or  even  less,  namely,  only  1100  to  1200 
times  ( vide  urate  of  soda) , their  amount  of  water  or  urine  for 
solution  at  a temperature  of  77°  F.  (25°  C.)  is  a matter  to  be 
decided  only  by  direct  experiment. 

The  theory  just  quoted  is  incorrect  in  one  more  respect ; 
namely,  because  it  assumes  that  the  common  deposits  of 
urates  are  made  up  of  urate  of  ammonia  only,  since  the  fact 
is  that  they  mostly  are  mixtures  of  the  urates  of  ammonia, 
soda,  and  lime ; the  urate  of  soda  having  in  almost  all  cases 
the  decided  preponderance. 

The  conclusion  of  Dr.  G.  Bird’s  “probable  explanation  of 
the  mode  in  which  uric  acid  exists  in  healthy  urine,”  of 
which  I have  quoted  two  passages,  is  a reiteration  of  the 
theory  of  Liebig  on  the  acid  reaction  of  urine  being  produced 
by  the  solution  of  uric  acid  in  the  solution  of  the  common  or 
tribasic  phosphate  of  soda,  whereby  urate  of  soda  is  formed 
on  the  one  hand,  and  an  acid  phosphate  on  the  other.  The 
passage  runs  thus : 

“ On  the  other  hand,  if  an  excess  of  uric  acid  be  separated 
by  the  kidneys,  it  will  act  on  the  phosphate  of  soda  of  the 
doublesalt,  and  hence,  on  cooling,  the  urine  will  deposit  a 
crystalline  sediment  of  acid  sand,  very  probably  mixed  with 
amorphous  urate  of  ammonia,  the  latter  usually  forming  a 
layer  above  the  crystals,  which  always  sink  to  the  bottom 
of  the  vessel.” 

Here  again  we  are  met  by  the  difficulty,  that  uric  acid, 
being  secreted  in  the  soluble  form  of  a urate,  cannot  act  on 
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the  phosphate  of  soda  in  the  manner  suggested.  If  the 
itction  were  to  take  place  in  the  blood,  the  phosphate  could 
not  remain  acid,  and  therefore  could  exert  no  influence  on 
the  urate  after  secretion.  But  the  most  remarkable  part  of 
the  matter  is,  that  an  explanation  has  been  attempted  of  a 
fact  which  does  not  exist.  If  any  one  has  ever  seen  uric  acid 
fall  down  in  any  urine  on  mere  cooling,  as  it  does  fall  down 
from  its  artificial  solution  in  the  phosphate,  he  should  not 
omit  to  publish  the  fact.  I for  one  never  have  met  with  it, 
nor  have  any  such  facts  been  brought  forward  by  the  origi- 
nator and  propagator  of  that  theory,  nor  by  any  one  else,  as 
far  as  I am  aware.  If  uric  acid  is  ever  formed  in  that  way, 
it  must  redissolve  on  restoring  the  temperature  of  the  body  to 
the  urine.  Thus  Dr.  Golding  Bird  has  defeated  his  own 
theory,  in  unmistakcable  words,  in  § 120,  p.  122 : 

“Diagnosis  of  uric  acicl  deposits. — When  heated  in  the 
urine,  the  uric  acid  deposit  does  not  dissolve ; the  crystals 
merely  become  opaque.1  They  generally  become  more  dis- 
tinct from  the  solution  of  the  urate  of  ammonia,  which  is 
frequently  mixed  with  them,  and  sometimes  completely 
conceals  them  from  view.  Hence  the  best  mode  of  discovering 
this  deposit,  is  to  warm  the  urine,  when  turbid  from  excess  of 
urate  of  ammonia,  in  a watch-glass  ; the  acid  becomes  visible 
at  the  bottom  of  the  glass,  as  soon  as  the  urate  dissolves.” 

Thus  an  imaginary  fact,  linked  to  reality  by  mere  analogy 
to  an  artificial  chemical  process,  has  been  the  subject  of 
explanations,  which  in  improbability  were  only  surpassed  by 
what  they  were  intended  to  explain,  and  which  found  their 
strongest  contradiction  in  the  very  fact,  the  misconceived 
occurrence  of  which  was  the  problem  to  be  solved. 

Deposits  of  Urates  occurring  after  emission. 

The  deposits  of  mixed  urates  are  so  very  common  in  the 
most  varied  conditions  of  health  and  disease,  that  it  would  be 
an  endless  and  useless  labour  to  name  those  conditions.  The 
attempt  to  define  the  characters  of  urine  depositing  urates 
must  be  futile,  because  there  is  almost  no  description  of  urine 
that  may  not  deposit  them.  Whether  acid  or  alkaline,  of 
high  or  of  low  specific  gravity,  containing  much  or  little  urea 
and  colouring  matter,  urine  will,  under  certain  circumstances, 
deposit  urates.  Whether  occurring  in  the  system  (bladder), 
or  out  of  the  body  after  emission,  the  conditions  of  the 
deposit  are  identical ; there  is  not  a sufficient  quantity  of 
water  present  to  hold  all  the  urates  in  solution  at  a certain 
1 By  losing  water.—  Thudichum. 
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temperature.  The  urine,  therefore,  after  being  saturated  with 
the  urates,  deposits  the  excess ; by  the  addition  of  water,  or 
urine  not  saturated  with  urates,  this  excess  may,  under  all 
circumstances,  be  dissolved.  By  concentration  of  urine,  a 
deposit  of  urates  may  be  produced. 

As  the  only  indication  of  a deposit  of  urates  is,  therefore, 
that  the  urine  containing  it  is,  at  that  temperature,  saturated 
with  them ; and  as  this  may  occur  after  a dance,  after  absti- 
nence from  liquids,  or  in  a fever,  this  indication  in  itself 
amounts  to  nothing.  The  amount  of  the  urates  may  be  the 
ordinary  one,  though  there  be  a deposit.  The  indication  of 
a deposit  of  urates  becomes  of  importance  only  when  con- 
sidered with  relation  to  the  total  quantity  of  urine  and 
dissolved  urates  discharged  in  twenty-four  hours ; with  this 
view  we  have  to  distinguish  two  different  cases. 

a.  If  the  bulk  of  the  urine  for  twenty-four  hours  is  the 
normal  average,  and  if  a sediment  of  urates  continues  to  exist 
in  that  urine,  it  is  tolerably  certain  that  an  absolute  excess 
of  urates  is  present.  (See  the  indications  of  an  excess  of  uric 
acid.) 

b.  If,  on  the  other  hand,  the  mine  for  twenty-four  hours 
is  below  the  average,  a deposit  may  possibly  be,  and  in  most 
cases  is,  due  to  saturation  only.  The  easiest  process  of  ascer- 
taining this,  for  ordinary  practical  purposes  at  least,  is  to 
dilute  the  urine  with  water  to  its  average  bulk,  and  to  shake 
it  well.  If  the  deposit  does  not  entirely  dissolve,  an  excess  of 
urates  is  present.  The  safest  proceeding,  however,  is  to 
ascertain  the  whole  amount  of  uric  acid  secreted  in  twenty- 
four  hours. 

If  the  presence  of  a deposit  of  urates  be  taken  as  an  indi- 
cation of  the  saturation  of  urine  by  these  salts,  and  if  the 
latter  be  assumed  ordinarily  to  be  of  the  usual  amount, 
deposits  of  that  kind  become  more  valuable  as  signs  of  a 
diminished  secretion  of  water  by  the  kidneys  than  of  any 
other  symptom.  As  the  appearance  of  a deposit  of  urates  is 
always  accompanied  by  morbid  sensations  and  objective 
symptoms,  in  the  healthy  by  thirst  at  least,  if  by  nothing 
more,  the  conclusion  is  simple  enough.  The  individual  whose 
urine  has  deposited  the  urates  does  not  drink  water  enough, 
and  must  drink  more,  and  must  drink  so  much  that  the  urine, 
at  the  ordinary  temperature  of  the  air,  shall  remain  clear.  Of 
course,  in  some  cases  this  will  be  neither  possible  nor  advi- 
sable ; but  in  most  cases  of  acute  and  febrile  disease,  it  should 
be  a plan  of  treatment.  I have  certainly  seen  it  attended  by 
beneficial  results  in  many  cases ; I have  also  observed  the 
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contrary, — want  of  water  in  the  system  to  he  a source  of 
disease. 


Deposits  of  Urates  occurring  in  the  urinary  passages. 

In  speaking  of  the  concretions  and  calculi,  I shall  have  to 
show  in  detail  the  practical  importance  of  this  class  of 
deposits;  here  it  may  suffice  to  state  that  on  an  average 
20  calculi  out  of  230,  or  8-69  per  cent.,  present  nuclei  of 
urates,  and  37  more  out  of  230,  or  16'08  per  cent.,  contain  a 
certain  amount  of  urates  in  the  form  of  layers  or  crusts. 
The  urates,  therefore,  somehow  or  other,  enter  into  the  com- 
position of  24' 78  per  cent.,  or  almost  one  quarter  of  all 
calculi  existing. 

Practically  it  is  important  to  distinguish  two  modes  in 
which  deposits  of  urates  may  be  produced  in  the  urinary 
passages. 

a.  A urine  nearly  or  just  saturated  with  the  urates  is 
secreted  by  the  kidneys,  and  collected  in  the  bladder.  By 
the  endosmotic  activity  of  the  veins  and  absorbents  of  the 
bladder,  a further  concentration  of  the  urine  is  brought  about, 
in  consequence  of  which  a certain  amount  of  the  urates  passes 
out  of  solution,  and  forms  a precipitate.  These  cases  may  be 
of  rare  occurrence,  as  is  generally  believed ; 1 or  they  may  be 
overlooked,  and  the  deposit  may  be  taken  for  an  ordinary 
deposit  by  cooling.  It  is  just  possible  that  the  following  case 
might  have  escaped  my  observation,  but  for  the  retention  of 
urine  accompanying  the  deposit  in  the  bladder,  making 
necessary  the  use  of  the  catheter.  The  turbid  urine,  which 
escaped  by  the  instrument,  afforded  ocular  proof  that  the 
deposit  (already  alluded  to  on  p.  91)  had  been  formed  in  the 
bladder. 


Observation. — Typhus  petenhialis. — R.  G — , set.  2,  a delicate  girl,  had  been 
some  time  “ out  of  condition,”2  bad  got  thin,  and  been  infested  with  thread- 
worms, which  being  removed  for  a time  by  the  aid  of  satitonine  in  oil,  reappeared 
again  after  a time. 

On  the  7th  of  September,  1856,  I was  requested  to  see  the  child.  For  the  last 
fortnight,  her  parents  had  perceived  her  to  be  unusually  quick  of  perception 
(“  sharp”).  Some  days  since  she  began  to  complain,  and  on  the  5th,  felt  so  ill, 
that  she  wanted  to  lie  down.  On  the  6th  a rash,  resembling  flea-bites,  made 
its  appearance. 

7th. — The  child  is  giddy,  and  wants  to  he  down.  She  is  light-headed,  almost 


1 Vogel,  loc.  cit.,  p.  198. 

2 The  reader  w ill  pardon  the  transference  of  this  popular  term  to  man  from 
its  application  to  our  most  useful  quadruped,  the  horse.  The  phrase  is  equivalent 
to  undefinable  ailment. 
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fainting  when  raised,  and  complains  of  severe  headache,  frequently  taking  her 
head  between  her  hands,  and  uttering  exclamations  expressive  of  the  pain.  She 
sleeps  very  little,  being  awake  the  greater  part  of  the  night  till  two  or  three 
o’clock  in  the  morning.  She  has  no  appetite,  but  is  very  thirsty ; her  lips  are 
dry  and  peeling;  her  tongue  is  covered  with  a thick  fur  in  the  middle,  red  at 
the  sides  and  point,  but  moist  all  over.  Since  the  last  motion,  two  days  ago, 
which  contained  many  worms,  the  bowels  have  been  confined.  The  abdomen  is 
soft,  not  tympanitic.  The  pulse  is  very  violent  and  hard.  The  skin  is  hot, 
generally  pale,  but  covered  with  petechiae  of  the  exact  form  of  flea-bites,  namely, 
a purple  spot,  of  the  size  of  the  circumference  of  a pin’s  head,  surrounded  with  a 
halo  of  a fainter  purple  colour.  The  spots  do  not  disappear  on  pressure.  I 
gave  her  a scruple  of  the  syrup  of  iodide  of  iron,  three  times  a day.  Of  a mix- 
ture of  twTo  ounces  of  olive  oil,  half  an  ounce  of  castor  oil,  and  six  grains  of 
santonine,  she  took  two  teaspoonfuls  at  once,  and  one  teaspoonful  every  hour.  It 
required  half  the  oil  to  produce  a dark,  moulded  motion. 

8tli. — Continues  much  the  same.  The  spots  have  in  some  degree  lost  their 
halo.  In  the  evening,  the  girl  being  sleepless  and  wandering,  she  began  to 
squint. 

9th. — The  exanthema  stands  nicely,  and  the  spots  have  got  larger.  The  child 
is  very  feverish.  The  urine  passed  yesterday  is  acid,  reddish-yellow,  contains 
much  mucus,  some  epithelial  casts  from  the  tubuli  of  the  kidneys,  and  deposits 
a granular  sediment  of  urate  of  soda.  A drop  of  the  urine  placed  between  twro 
slips  of  glass  soon  crystallizes  into  a mass  of  beautifully  defined  crystals  of  urea. 
After  deposition  of  the  small  amount  of  surplus  urates,  the  specific  gravity  of  the 
urine  is  1025,  very  high  for  a child  of  that  age. 

10th. — The  spots  get  smaller,  and  lose  their  halo.  They  now  do  disappear  by 
pressure,  and  return  after  it.  The  tongue  is  getting  cleaner  from  the  sides. 
She  only  passed  a small  quantity  of  urine  once  in  the  course  of  that  day,  with  a 
motion  of  the  bowels.  She  squints  when  excited. 

11th. — The  spots  continue  to  get  paler.  The  tongue  is  cleaning.  The  con- 
dition of  the  abdomen,  contrasted  with  its  soft,  nay  flabby  state,  five  days  ago, 
shows  distension.  Ocular  inspection  and  percussion  show  the  collection  of  urine 
in  the  bladder,  from  which  nothing  had  passed  since  yesterday.  A warm 
poultice  put  over  the  abdomen  and  vulva,  and  a warm  bath,  not  being  of  any 
avail  in  relaxing  the  sphincter  of  the  bladder,  the  catheter  was  applied,  and 
about  eight  ounces  (perhaps  nine,  with  the  unavoidable  loss)  of  urine,  mixed 
with  a white  deposit,  in  flakes,  escaped  by  the  instrument. 

It  was  the  urine  of  two  days,  mixed  with  a copious  deposit,  which,  on  stand- 
ing, settled  to  the  bottom  of  the  vessel.  The  urine  now  appeared  of  a reddish- 
yellow  colour,  and  of  acid  reaction.  In  a specimen,  mixed  with  half  its  bulk  of 
nitric  acid,  nitrate  of  urea  crystallized  on  standing.  The  colour  then  became 
deep  red.  Hydrochloric  acid,  when  added  in  sufficient  quantity,  at  first  coloured 
the  urine  dark  blue,  nearly  black;  but  this  colour  after  two  or  three  hours 
transformed  into  dark  cherry-red.  A deposit  of  cyanourine  did  not  therefore 
take  place,  though  the  reaction  was  indicative  of  the  presence  of  an  excess  of 
uroxanthine.  The  urine  became  black  and  dirty  on  the  admixture  of  sulphuric 
acid.  The  specific  gravity  of  the  urine  was  1025. 

The  deposit  was  white,  and  consisted  of  the  urate  of  soda  in  dumb-bells, 
globules,  and  irregular  agglomerations,  mostly  covered  with  spinous  masses  of 
the  most  varied,  fanciful,  and  irregular  description.  Some  of  the  globular 
masses  were  so  large  that  they  could  be  distinguished  with  the  naked  eye  ; and 
under  the  microscope,  bristled  with  spinous  masses.  That  the  spines  were  urate 
of  soda  was  evidenced  by  their  solubility  in  water ; a deposit  when  washed 
on  the  filter  with  water,  dissolved  entirely,  leaving  no  residue.  By  the  influence 
of  an  acid,  the  urate  was  transformed  into  ovoid  crystals  of  uric  acid. 

12th. — The  catheterism  of  yesterday  was  followed  by  great  relief,  and  the 
child  passed  a little  urine  spontaneously  soon  after.  But  the  retention  con- 
tinued ; and  on  this  day  the  catheter  discharged  four  ounces  of  the  same  de- 
scription of  urine,  with  the  same  amount  and  quality  of  sediment  as  on  the 
day  before. 
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On  three  following  days  the  urine  had  to  he  drawn  with  the  catheter,  showing 
each  time  the  same  characters  and  the  same  sediment. 

On  the  16th,  the  child  passed  urine  spontaneously,  still  mixed  with  a deposit ; 
but  it  consisted  of  granules  and  dumb-bells  only,  with  short  indications  of 
spinous  masses  only.  This  lasted  for  two  or  three  days,  after  which  the  urine 
became  clear,  and  after  standing  twenty-four  hours  deposited  ovoid  crystals  of 
uric  acid.  From  this  time  the  child  recovered  her  strength  rapidly  ; and,  with 
the  assistance  of  some  quinine  and  iron,  was  soon  much  stronger  and  better 
looking  than  at  any  time  before  her  illness. 


1 must  not  omit  to  state  that  from  the  10th  to  the  20th 
the  child  had  taken  no  medicine  whatever,  owing  to  the 
absence  of  any  indication.  This  is,  perhaps,  in  favour  of  the 
observation,  and  shows  that  a discharge  of  urate  of  soda  in 
the  form  of  sediment  is  not  necessarily  connected  with  the 
patient’s  taking  carbonate  of  soda,  a connection  which  seems 
to  have  been  assumed  by  Dr.  G.  Bird.1 

The  practical  considerations  on  this  case  are  many  in 
number;  hut  most  important  are  the  questions  on  the  causes 
of  the  deposit  and  of  the  retention.  That  the  deposit  is  due 
to  concentration  of  the  urine  in  the  bladder  after  secretion 
from  the  kidneys  cannot  he  doubted.  Urine  nearly  or  pcr- 
fectlv  saturated  with  the  urates  arrived  in  the  bladder ; there 
it  was  deprived  of  a certain  amount  of  water,  and  a deposit  of 
the  nature  described  fell  down.  Now  it  is  just  possible,  and 
very  probable,  that  the  spinous  hedgehog-like  masses  so 
irritated  the  mucous  membrane  of  the  urethra  at  the  infun- 
dibulum as  to  cause  spasmodic  contraction  of  the  sphincter. 
I have  seen  strangury  caused  by  the  passage  of  almost  micro- 
scopical crystals  of  uric  acid,  and  yet  they  were  ovoid  round 
bodies.2  This  confirms  my  opinion  on  the  cause  of  the  retention. 
I will  not,  however,  deny  the  influence  which  the  nervous 
system  may  have  had  in  the  spasmodic  action,  seeing  that 
there  was  spasm  in  other  parts  as  well,  namely,  in  the  muscles 
of  the  eye.  Those  of  my  readers,  however,  who  should  be 
inclined  to  ignore  altogether  the  nature  of  the  deposit  as  a 
mechanical  cause  of  the  irritation  producing  the  spasmodic 
retention,  I will  only  remind  that  the  spinous  deposit  appeared 
and  disappeared  simidtaneously  with  the  retention  ; and  that 
a deposit  of  a much  less  irritating  shape  was  discharged  before 
the  retention  set  in  and  after  it  ceased.  Undoubtedly,  we 
must  be  very  cautious  in  these  conclusions,  because  accurate 
observation  is  so  very  difficult  in  these  cases.  Conscious 
of  this,  I yet  hope  that  I have  taken  the  common-sense  view 
of  the  observation. 


1 Loc.  cit.,  § 135,  p.  138. 

2 See  also  Front,  ‘Stomach  and  Urinary  Diseases,’  3d  cd't..  1810.  p.  202. 
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It  may  not  be  out  of  place  here  to  quote  the  following 
passage  from  Dr.  Prout,1  which,  referring  to  actual  observations 
similar  to  the  one  just  now  related,  suggests  the  probability 
that  in  some  cases  the  urate  of  soda  deposit  may  close  the 
urethra  by  forming  a simple  plug,  and  without  any  spasmodic 
action  being  perceptible. 

“ About  this  period  of  life  (viz.,  the  age  of  forty)  or  later, 
we  occasionally  see  in  certain  modifications  of  gouty  con- 
stitution large  quantities  of  the  lithate  of  soda,  perfectly 
white,  deposited  in  the  urine.  This  compound  sometimes 
assumes  the  form  of  amorphous  sediment,  and  renders  the 
urine  quite  milky  when  passed ; but  I have  seen  it  copiously 
secreted  of  the  consistence  of  mortar,  especially  during  the 
night ; and  in  this  case  it  is  apt  to  collect  into  masses  and 
block  up  the  urethra,  so  as  to  occasion  considerable  difficulty 
in  passing  the  urine.  Such  instances  are  very  rare,  and 
appear  to  be  associated  with  organic  disease  of  the  kidneys, 
and  perhaps  other  organs.”  Of  this  association,  however. 
Dr.  Prout  has  not  given  any  proof  in  observation. 

h.  The  second  mode  in  which  deposits  of  urates  may  be 
produced  in  the  urinary  passages  is  by  the  urine  in  the  bladder 
undergoing  alkaline  fermentation.  The  mates  in  this  case 
are  precipitated  in  the  same  manner  as  in  urine  putrefying 
in  the  open  air  or  in  a carefully  stoppered  glass  bottle.  The 
urates  are  less  soluble  in  a solution  of  carbonate  of  ammonia 
than  in  fresh  acid  urine  ; urea,  therefore,  after  transformation 
into  carbonate  of  ammonia,  precipitates  part  of  the  urates. 
The  fixed  alkalies,  on  the  other  hand,  do  not  interfere  with 
the  solubility  of  the  urates. 

Deposits  of  Uric  Acid  occurring  after  emission. 

As  uric  acid  cannot  be  secreted  by  the  kidney  from  the 
blood  in  any  other  form  than  that  of  a soluble  acid  mate,  it 
must  always  arrive  as  such  in  the  pelvis  of  the  kidneys.  The 
intervention  of  a stronger  acid  is  now  required  to  separate 
uric  acid  from  its  base.  That  the  ordinary  acidity  of  the 
urine  should  not  be  sufficient  to  effect  this,  nature  has  taken 
care  to  arrange.  Whence,  therefore,  does  the  acid  come 
which  in  urine  of  average  description  after  some  hours  or 
days  of  standing  produces  a precipitate  of  uric  acid  ? Scherer2 
has  shown  that  this  acid  is  the  product  of  a peculiar  kind  of 
decomposition  or  fermentation  of  the  urine,  which  he  called 
the  acid  fermentation  just  because  its  main  feature  is  the 

’ Loc.  cit.,  p.  203. 

2 ‘ Annal.  d.  Chemie  und  Pharmacie,’  Band  xlii,  p.  171. 


URIC  ACID. 


105 


production  of  one  or  several  acids.  The  ferment  lie  considers 
to  he  the  mucus,  which  causes  the  colouring  matter  of  the 
urine  to  ferment,  and  to  give  off  among  other  substances 
lactic  and  acetic  acid.  Under  the  influence  of  these  acids, 
uric  acid  is  precipitated  sooner  or  later,  according  to  the  time 
at  which  the  decomposition  of  urea  begins  to  neutralize  the 
acid  formed.  The  decomposition  of  urea  constitutes  the 
alkaline  fermentation,  a process  which  we  have  already  described 
in  the  chapter  on  alkaline  urine.  An  important  fact  is,  that 
if  the  alkaline  fermentation  succeeds  the  acid  one,  any  uric 
acid  precipitated  is  transformed  into  urate  of  ammonia.  Of 
the  alkaline  fermentation,  I shall  have  to  treat  more  at  length 
under  the  section  on  triple  phosphates. 

Deposits  of  Uric  Acid  occurring  in  the  urinary  organs. 

As  the  alkaline  fermentation  of  urine  after  emission  may 
already  take  place  in  the  body  under  certain  circumstances, 
it  has  by  analogy  been  thought  possible  that  the  acid  fer- 
mentation may  also  occur  in  the  urinary  organs.  It  is  true 
that  the  direct  proof  of  such  a process  has  not  yet  been  given ; 
yet  many  facts  have  been  adduced  in  support  of  this  view, 
which  at  least  make  it  much  more  probable  than  any  other 
theory  hitherto  advanced.  And  even  should  it  afterwards 
turn  out  that  uric  acid  in  the  urinary  passages  is  not  exclu- 
sively precipitated  by  acids  generated  by  fermentation,  yet  in 
so  many  instances  this  seems  to  be  the  case,  that  we  can  have 
no  hesitation  in  adopting  this  theory. 

We  know  that  different  pathological  conditions  of  the 
system  may  so  influence  the  mucus  of  the  urinary  passages, 
as  to  cause  it  to  ferment  the  mine  in  sixteen  or  twenty-four 
hours  after  emission.  If  the  urine  be  kept  at  the  temperature 
of  the  body,  the  fermentation  will  frequently  precipitate  uric 
acid,  even  in  so  short  a time  as  six  hours.  The  mucus  in  this 
case  was  evidently  predisposed  to  undergo  the  changes  neces- 
sary to  become  a ferment  ; and  changes  which  ordinarily 
occur  out  of  the  body  had  already  taken  place  in  the 
body. 

On  the  other  hand,  we  know  that  in  cases  where  uric  acid 
is  set  free  in  the  urinary  organs,  pathological  conditions  are 
present  in  the  system,  which  are  analogous  to,  or  identical 
with,  those  conditions  under  the  influence  of  which  an  early 
acid  fermentation  of  the  urine  takes  place.  Nay,  wc  know 
even  that  the  early  fermentation  and  production  of  uric  acid 
in  the  urine  after  emission  is  very  frequently  a forerunner 
of  the  deposition  of  uric  acid  in  the  urinary  organs. 


106 


URIC  ACID. 


Of  course  the  effect  produced  by  the  acids  created  by 
fermentation  will  be  materially  influenced  by  the  degree  of 
acidity  which  the  urine  possesses  on  leaving  the  kidneys.  We 
here  suppose  that  no  urine  can  possibly  be  secreted,  which  by 
itself  is  so  acid  as  to  precipitate  uric  acid.  This  substance 
would,  if  that  was  the  case,  have  to  be  looked  for  in  the  sub- 
stance of  the  kidney,  where  we  scarcely  ever  find  it. 

The  circumstances,  therefore,  which  precipitate  uric  acid 
in  the  urinary  organs,  seem  to  be  the  flow  of  an  acid  urine 
over  a (mucous)  membrane,  the  secretion  of  which  is  in  a 
condition  to  act  as  a ferment  of  the  colouring  matter  of  the 
urine.  It  seems  reasonable  to  suppose  that  a certain  time  is 
required  for  this  fermentation  to  set  in.  The  sojourn  of  the 
urine  in  the  bladder  seems  long  enough  for  the  induction  of 
this  process ; it  is  more  difficult  to  explain  its  occurrence  in 
the  kidney,  and  yet  it  is  just  there  where  uric  acid  is  most 
frequently  deposited  in  an  insoluble  form.  That  mine  may 
collect  in  the  calyces  of  the  kidneys,  we  have  every  reason  to 
believe.  The  contractile  powers  of  the  pelves  and  infundibula 
become  less  with  age ; the  lower  part  of  the  pelvis  may  not 
be  quite  emptied  of  its  contents,  particularly  in  the  erect 
position.  1 have  even  observed  that  in  certain  atrophic  con- 
ditions of  the  kidneys,  accompanied  by  the  formation  of  uric 
acid  gravel,  the  pelvis  of  the  kidneys  and  sacs  of  the 
infundibula  become  so  wide,  as  to  contain  mine  after  death  : 
a sure  proof  that  they  could  not  expel  their  contents  during 
life,  though  there  was  no  obstruction  in  the  ureters.  This 
condition  only  occurs  in  later  life,  to  which  renal  concretions 
almost  exclusively  are  proper.  In  children  and  young 
persons  this  affection  is  very  rare. 


Observation. — A man,  aet.  65,  died  of  cancer  of  the  stomach.  He  had  been 
a drunkard  during  the  latter  part  of  his  life.  I made  the  post-mortem  exami- 
nation of  his  body,  and  found  a hard  cancerous  tumour  involving  the  larger  cur- 
vature of  the  stomach.  There  were  also  tvro  large  cancerous  masses  in  the 
liver,  whither  the  cancer  had  progressed  by  means  of  infesting  the  clot  in  the 
gastric  veins,  and  in  the  portal  vein.  The  cancerous  juice  most  probably  coagu- 
lated the  blood  ; and  the  coagula  became  the  beds  of  cancerous  cell-development. 
Of  this  process  all  stages  could  be  observed. 

The  kidneys  wrere  in  a state  of  contractive  atrophy,  their  upper  halves 
more  than  the  lower,  which  gave  them  a very  peculiar  shape.  Their  calyces 
contained  several  drachms  of  turbid  urine.  In  the  lowest  part  of  the  right 
calyx  there  lay  a number  of  uric  acid  concretions,  true  red  gravel.  The  ureters 
were  quite  pervious.  The  bladder  contained  no  concretions  of  any  kind.  I 
could  not  ascertain  whether  the  man  had  had  any  symptoms  of  gravel  during 
life.  If  this  was  the  case  during  the  development  of  the  cancer,  the  symptoms 
probably  merged  in  the  suffering  attending  this  disease. 
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Crystallized  Sediments. 

The  formation  of  uric  acid  deposits  in  the  bladder,  by  means 
of  the  acid  fermentation,  is  not  of  very  rare  occurrence.  It 
is  frequently  ascribed,  together  with  the  formation  of  deposits 
in  the  kidneys,  to  the  so-called  uric  acid  diathesis ; a term 
intended  to  comprise  all  diseases  which  have  a tendency 
towards  the  development  of  a symptom,  namely,  the  precipi- 
tation of  uric  acid.  Except  this  symptom,  irregular  as  it  is, 
these  diseases  have,  however,  nothing  in  common.  In  fact,  the 
term  “uric  acid  diathesis”  has  been  made  the  lumber-room  into 
which  to  throw  a number  of  ill-defined  pathological  condi- 
tions. Uric  acid  has  been  made  the  sinner,  where  it  has 
taken  a most  neutral  or  passive  part  only.  Not  even  has  the 
proof  been  given  that  uric  acid  plays  any  part  in  these  cases 
at  all ; not  even  has  the  proof  been  given  that  uric  acid  really 
has  been  in  excess  in  cases  where  the  existence  of  the  deposit 
has  been  taken  as  a proof  of  the  excess.  In  fact,  the  uric  acid 
diathesis  is  one  of  the  few  survivors  of  the  number  of  dia- 
theses that  served  bygone  generations  as  the  quid  pro  quo  of 
an  explanation. 

The  following  observations  serve  to  show  the  difference 
that  may  exist  between  cases  in  which  a precipitate  of  uric 
acid  formed  in  the  bladder  is  one  of  the  symptoms  : 


Observation. — Mrs.  T — , act.  75,  had  undergone  great  mental  anxiety; 
and,  in  consequence  apparently,  lost  her  bodily  health.  There  were  loss 
of  appetite,  indigestion,  and  increase  of  the  habitual  constipation.  There  was 
headache  over  the  eyebrows,  with  flushing  of  the  face,  and  heat  and  dryness  of 
the  surface  of  the  body.  The  urine,  on  being  passed,  was  turbid,  being  mixed 
with  a dark-brown — almost  black — sediment,  appearing  like  fine  coffee-grounds. 
The  sediment  seemed  to  increase  somewhat  after  cooling.  Under  the  microscope 
it  exhibited  itself  to  be  composed  of  rhombs  of  uric  acid,  mixed  with  an  equal 
amount  of  gramdar  urates.  A pill  of  a grain  of  powdered  ipecacuanha,  with 
four  grains  of  rhubarb,  taken  before  every  meal,  seemed  to  exert  a very  bene- 
ficial influence  upon  the  digestive  organs.  An  alkaline  mixture,  taken  three 
hours  after  the  principal  meals,  counteracted  the  heartburn.  Under  this  treatment 
the  deposit  gradually  disappeared. 

June  12th,  1856. — After  three  weeks  of  apparently  good  health,  another 
attack  of  gravel  came  on.  The  symptoms  were — pain  in  the  loins  and  chest 
and  around  the  stomach,  great  flatulency,  great  want  of  appetite,  prostration  of 
strength,  and  headache.  The  bowels  had  been  kept  open  by  the  rhubarb  and 
ipecacuanha  pills  taken  before  meals ; they  even  had  been  relaxed,  a very  un- 
usual thing  with  this  patient.  The  alkaline  mixture  soon  restored  her  to  health, 
as  I believe.  The  uric  acid  crystals  were  small,  with  double  outline,  dark 
brown,  and  were  mixed  with  very  light  hexagonal  plates  of  what  may  have  been 
urate  of  soda. 

28th. — There  was  a single  discharge  of  gravel  after  some  heat  in  the  face, 
pain  in  the  stomach,  and  great  flatulency.  The  deposit  was  most  copious. 
The  crystals  were  hour-glass  shaped  and  ovoid.  I did  not  prescribe  any  medicine 
on  this  occasion,  but  merely  enjoined  the  patient  to  empty  the  bladder 
frequently. 
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A tonic  plan  of  treatment  was  now  adopted,  which  comprised  quinine  and 
iron  as  the  pharmaceutical  elements  ; cold  sponging  bath  and  exercise  as  the  hy- 
gienic part ; and  rich  diet,  w ith  a larger  amount  of  spring  w ater  taken  between 
meal-times,  as  the  dietetic  regime.  As  no  deposit  has  occurred  since,  I suppose 
the  treatment  wras  successful. 


This  case  being  one  where  the  deposit  was  formed  in  the 
urinary  organs,  is  a good  illustration  of  a certain  class  of 
circumstances  under  which  this  may  occur'.  The  danger  of 
the  formation  of  a concretion  is  great  in  these  cases.  The 
best  preventive  measure  is  the  free  use  of  drink-water,  and 
the  frequent  discharge  of  the  urine  from  the  bladder.  In 
this  manner  the  urinary  passages  are  freed  from  ferment, 
and  the  urine  is  not  allowed  time  to  undergo  fermentative  de- 
composition. 

The  following  case  is  very  different  from  the  former,  as 
regards  age  and  condition  of  the  patient,  and  the  symptoms 
under  which  the  deposit  occurred  : 


Observation. — Master  B — , a fine  strong  boy,  nineteen  months  old,  had 
suffered  from  severe  bronchitis  during  the  winter  1855-56,  with  congestion  of 
the  lungs,  at  one  time  bordering  on  pneumonia.  He  had  a second  severe  attack 
in  the  early  part  of  the  spring  of  1856,  when  at  Boulogne.  From  both  attacks  he 
had  perfectly  recovered,  when,  at  the  beginning  of  May,  his  mother,  then  stay- 
ing with  him  at  Gravesend,  noticed  him  to  suffer  from  irritation  of  the  bladder, 
the  child  being  obliged  to  pass  urine  at  least  twelve  or  fifteen  times  in  the  course 
of  the  day.  Immediately  after  the  water  had  been  passed,  a red  sand  subsided 
to  the  bottom  of  the  vessel.  The  child  was  well  again  next  day,  without  any 
treatment  having  been  had  recourse  to. 

On  June  14th,  1856,  another  attack  of  red  sand  came  on,  causing  symptoms 
similar  to  those  on  the  first  occasion.  The  urine  on  passing  contained  a large 
amount  of  a light-brown  sediment  of  uric  acid.  The  crystals  were  distinguished 
by  their  containing  very  little  colouring  matter,  so  that  in  strong  light  some 
almost  escaped  observation.  They  w'ere  all  fiat  rhombic  plates  of  different 
angles.  The  urine  was  highly  concentrated ; urea  crystallizing  spontaneously 
from  a drop  on  a slip  of  glass. 


In  this  case  the  disorder  seemed  to  have  some  connection 
with  the  diet  of  the  child,  to  which  he  either  restricted  him- 
self or  was  restricted,  namely,  milk  diet,  taking  for  three 
meals  nothing  but  milk,  with  bread  and  butter  or  biscuits. 
Whether  the  child  got  well  spontaneously,  as  on  the  former 
occasion,  or  whether  the  change  to  a more  mixed  diet,  with 
light  vegetables  and  meat,  had  any  share  in  the  disappearance 
of  the  deposit,  I do  not  dare  to  decide.  The  deposit,  how- 
ever, has  not  reappeared  since.  This  case  seems  worth  noticing, 
as  the  uric  acid  deposit  and  the  strangury  caused  thereby 
were  the  only  disorders  that  could  be  discovered,  the  child 
being  all  the  time  as  well  and  blooming  as  one  could  wish  anv 
child  to  be.  It  is  possible  and  probable  that  the  strangury 
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set  up  by  the  uric  acid  crystals  in  this  and  many  similar  cases 
of  crystallized  deposit,  is  the  means  of  preventing  the 
formation  of  concretions,  and  their  retention  in  the  urinary 
passages. 

The  urine  of  this  hoy,  in  which  another  sediment  occurred 
after  filtration,  yielded  some  few  crystals  of  uric  acid  on  addi- 
tion of  acetic  acid.  But  the  case  of  the  aged  lady  hore  out  the 
statement  of  Dr.  Prout/  that  the  urine  is  so  completely  di- 
vested of  litliic  acid  hy  this  peculiar  arrangement  of  the 
urinary  principles  (which  we  now  believe  to  be  acid  fermen- 
tation), that  on  adding  to  it  an  excess  of  mineral  acid,  not 
another  particle  of  litliic  acid  is  usually  deposited. 

Another  illustrative  case  of  crystallized  deposit  formed  in 
the  urinary  organs  is  recorded  by  Dr.  G.  Bird.2 

In  children  who  are  liable  to  the  formation  of  crystallized 
uric  acid  deposits  in  the  bladder,  “ symptoms  of  irritation 
about  the  urinary  organs  may/’  according  to  Dr.  Prout,3  “ be 
always  more  or  less  observed,  if  the  child  be  attended  to.  Thus 
there  will  be  found  frequent  desire  to  pass  urine,  which  is 
voided  in  very  small  quantities,  and  with  manifest  uneasiness. 
The  irritation  about  the  urinary  organs  also  sometimes 
induces  the  child  to  wet  the  bed  by  night,”  &c.  This 
irritation  from  the  presence  of  crystallized  deposits  does 
not  seem  to  exist  in  adult  persons.  It  is  not  mentioned 
in  Dr.  Bird’s  case  just  quoted,  and  was  not  present  in  my 
first  case. 


Uric  Acid  Concretions. 

1 . Sand  and  gravel. — Crystalline  sediments. — There  seems 
at  first  sight  to  be  no  great  reason  for  drawing  any  particular 
distinction  between  common  uric  acid  deposits,  on  the  one 
hand,  and  sand  and  gravel  on  the  other.  Indeed,  the  common 
deposits  of  pulverulent  uric  acid  are  frequently  called  gravel 
and  sand  by  medical  men  and  by  laymen.  This  practice, 
however,  is  not  quite  correct,  and  should  therefore  not  be 
generally  adopted.  What  we  call  “ the  common  pulverulent 
deposit  of  uric  acid  ” is  made  up  of  single  crystals  of  that 
substance.  The  occurrence  in  such  a deposit  of  twin  crys- 
tals, crossed  crystals,  of  crystals  simply  hanging  together  in 
a variety  of  ways,  is  an  exception,  and  does  not  constitute  a 
deposit  "of  sancl  or  gravel.  To  fall  under  the  latter  denomi- 
nation, a deposit  must  exhibit  a tendency  towards  a zeolithic 
arrangement  of  the  crystals — that  is,  the  crystals  must  group 

1 Loc.  cit.,  p.  198.  2 I.OC.  cit.,  p.  158,  § 15G.  3 Loc.  cit.,  p.  202. 
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themselves,  with  their  predominant  axis,  round  a common 
centre,  like  the  rays  round  the  luminous  body  from  which 
they  emanate.  Mostly  one  or  two  large  crystals  form  the 
basis  of,  or  are  mixed  up  with,  these  globular  masses.  What 
T should  like  to  call  “ sand,”  therefore,  would  be  masses  of 
uric  acid,  mostly  globular,  or  irregularly  roundish,  or  oblong, 
of  very  uniform  size,  from  J()th  to  Jfftli  of  an  inch  in  diameter, 
and  answering  to  the  above  definition.  Viewed  by  trans- 
mitted light  under  the  microscope,  the  globules  are  perfectly 
impervious  to  light ; and  the  uric  acid  crystals  on  the  surface 
are  faintly  transparent,  of  a darlc-brown  colour.  To  the  naked 
eye,  the  deposit  is  red,  with  a tinge  of  brown.  When  disturbed, 
the  sediment  mixes  with  the  clear  urine,  but  rapidly  subsides 
to  the  bottom  when  the  "fluid  comes  to  rest.  Generally,  no 
small  or  well-defined  crystals  of  the 
with  this  sand. 

This  description  of  sand  is  sometimes  met  with  in  the  pale 
and  watery  urine  of  early  infancy. 

Under  the  name  of  “ gravel,”  1 would  comprise  concre- 
tions varying  in  size  from  ^th  of  an  inch  diameter  upwards, 
until,  by  their  size,  they  become  incapable  of  passing  either 
the  ureters  or  the  urethra.  These  concretions  are  generally 
rough ; and  if  many  are  discharged  at  one  time  are  of  variable 
size,  from  that  of  a pin’s  head  to  that  of  an  almond  (Prout) . 
A variety  of  these  crystalline  concretions  are  the  “pisiform,” 
“ the  formation  of  which  is  attended  by  a remarkable  feature, 
namely,  the  great  number  in  which  they  are  usually  generated, 
a circumstance  which  may  be  said  to  be  characteristic  of 
them.  Their  great  number  occasions  them  to  accumulate 
occasionally  in  the  pelvis  of  the  kidney ; or  in  the  lower 
portion  of  the  ureters,  where  they  terminate  in  the  cavity 
of  the  bladder;  and  on  such  occasions  severe  nephritic 
attacks  are  sometimes  the  consequence.  These  concretions 
vary  in  size,  from  that  of  a pin’s  head  to  that  of  a pea  or 
marble.  Their  form  is  always  more  or  less  globular ; though 
they  sometimes  present  flattened  or  facetted  surfaces,  pro- 
duced by  their  contact  or  attrition  with  each  other.  Their 
surface  is  usually  smooth,  sometimes  even  porcelainous  or 
polished ; and  their  internal  texture  is  almost  invariably 
crystallized,  and  usually  lamellated.  Their  colour  ranges 
through  all  the  shades  of  yellow;  and  occasionally,  though 
more  rarely,  they  assume  a dark-brown  or  reddish  colour.” 
(Prout.1)  These  pisiform  concretions  are  mostly  deposited 
after  the  age  of  forty. 


ordinary  kind  are  mixed 
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2.  Uric  acid  calculi. — The  number  of  calculi,  of  which  uric 
acid  forms  either  the  nucleus  or  the  entire  substance  is  very 
great,  standing  to  the  number  of  all  other  calculi  in  the  propor- 
tion of  two  to  three.  They  are  found  of  all  sizes,  from  the 
largest  pisiform  concretions  to  stones  of  five  or  six  ounces,  or 
more,  in  weight.  If  formed  in  the  pelvis  of  the  kidney,  a 
uric  acid  stone  may  have  a very  irregular  rough  shape  and 
surface.  If,  however,  the  body  and  crust  of  the  stone  have 
been  formed  in  the  bladder,  as  is  mostly  the  case,  the  shape 
will,  in  general,  be  that  of  a flattened  ovoid,  the  flattening, 
in  many  cases,  being  so  trifling  as  to  escape  notice.  The 
exterior  of  the  uric  acid  calculus  is  slightly  tuberculated ; 
but  in  manv  cases  the  tubercles  are  so  water-worn,  that  the 
surface  is  smooth.  In  colour,  uric  acid  calculi  vary  from 
reddish-yellow  or  fawn-colour  to  brownish-red,  or  brown  with 
an  admixture  of  red,  like  old  mahogany.  On  being  divided 
by  a saw,  they  are  seen  to  be  composed  of  concentric  layers, 
which  are  of  variable  thickness  when  compared  with  each 
other.  But  every  layer  preserves  its  own  thickness  pretty 
regularly  all  round  the  calculus.  The  texture  of  the  stone  is 
best  seen  on  the  surface  of  a fracture.  In  hard  and  pure 
stones  it  is  crystalline,  fibrous,  the  fibres  of  each  layer  verging 
like  radii  towards  the  centre  of  the  stone.  On  breaking  a 
stone,  the  fracture  will  mostly  be  parallel  with  these  crystal- 
line fibres.  Stones,  however,  which  are  less  dense  and  less 
pure  are  earthy,  and  amorphous  in  fracture.  Some  few 
stones  are  so  hard  that  they  give  a ringing  noise  on  percus- 
sion, a sharp  sound  like  a pebble,  and  on  being  chipped  ex- 
hibit a conchoid  fracture.  These  stones  are  very  dangerous, 
when  they  become  the  subjects  of  the  process  of  lithotrity, 
for  their  fragments  are  so  sharp,  that  they  wound  the  bladder, 
and  cause  infiltration  of  the  urine  into  the  adjacent  cellidar 
tissue  ; the  consequences  of  which  are  mostly  extensive  mor- 
tification and  death.  It  is,  therefore,  of  high  practical 
importance  to  ascertain  the  circumstances  under  which  these 
hard  stones  may  be  formed. 

The  laminated  structure  of  the  uric  acid  calculi  (and  of  all 
other  laminated  calculi)  shows  that  they  are  formed  by  the 
gradual  precipitation  of  uric  acid  from  the  urine,  the  preci- 
pitated substance  being  deposited  in  an  equal  layer  all  over 
the  surface  of  the  concretion,  which  forms  the  nucleus,  and 
also  over  the  surface  of  all  subsequent  layers  ; a circumstance 
which  is  the  condition  of  the  parallelism  of  the  rings  seen  on 
section.  The  layers,  however,  show  something  more  ; namely, 
that  the  formation  of  the  stone  has  been  interrupted,  or  has 
taken  place  at  different  intervals.  Of  this  circumstance  there 
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could  not  be  given  so  good  a description  as  that  of  Dr.  Prout : 1 
“ Between  the  different  intervals  at  which  the  different 
laminae  have  been  formed,  periods  have  intervened  during 
which  no  deposition  has  taken  place.  This  remark  not  only 
applies  to  the  different  laminae  of  a heterogeneous  calculus, 
but  to  the  different  laminae  of  calculi  composed  of  the  same 
substance ; as  for  instance  to  the  different  laminae  of  which 
lithic  acid  concretions  usually  consist.  This  explanation  is 
in  perfect  accordance  with  the  circumstances  attending  the 
formation  of  calculi,  which  often,  as  is  well  known,  remain  in 
the  bladder  for  a great  number  of  years,  without  attaining 
any  remarkable  size.  Moreover,  the  constant  state  of  change 
alone  to  which  the  urine  in  all  individuals  is  liable,  almost 
precludes  the  notion  of  homogeneity  in  a calculus.  We  may 
suppose,  therefore,  that  certain  changes  take  place  in  the 
urine,  diming  which  the  law  of  continuity  of  deposition  is 
suspended,  and  the  surface  of  the  concretion  becomes,  as  it 
were,  water-worn  and  less  apt  for  future  accretion ; in  short, 
assumes  all  the  properties  of  a heterogeneous  substance. 
Under  these  circumstances,  when  a tendency  to  deposition 
occurs,  it  will  have  to  commence  de  novo , and,  as  it  were, 
upon  the  surface  of  a foreign  body.  The  consequence  will 
be  that  the  adhesion  between  the  new  and  the  old  coats,  or 
laminae,  will  be  less  firm  than  in  the  intermediate  parts,  and 
that  a calculus  thus  formed  will  be  disposed,  when  broken,  to 
separate  into  concentric  laminae.”  To  this  we  have  only  to 
add  that  one  great  cause  of  the  formation  of  layers  is  the 
periodicity  with  which  the  bladder  is  emptied  of  its  contents. 
If  uric  acid  is  really  precipitated  by  acid  fermentation,  and 
if  for  this  fermentation  to  produce  a sufficient  amount  of 
acid  a certain  time  is  required,  during  which  the  ferment 
must  be  in  contact  with  the  substance  to  be  fermented,  then 
no  uric  acid  can  be  deposited  immediately  after  the  bladder 
has  discharged  its  contents ; and  no  uric  acid  can  be  depo- 
sited if  the  bladder  is  so  irritable  as  to  discharge  its  contents 
at  frequent  and  short  intervals,  a condition  which,  as  I have 
already  stated,  I believe  to  be  the  main  safeguard  against 
the  more  frequent  occurrence  of  stone  in  the  bladder.  If, 
on  the  other  hand,  the  calculus  does  not  irritate  the  bladder 
at  ordinary  times,  or  is  the  mechanical  cause  of  a retention 
of  part  or  the  whole  of  the  urine,  so  that  the  urine  has 
time  to  be  collected  and  to  be  fermented,  a deposition  upon 
the  calculus  will  take  place. 

Chemical  characters  of  uric  acid  concretions. — The  chemical 

’ Loc.  cit.,  p.  361. 
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characters  are  those  of  uric  acid.  But  as  the  concretions  may  be 
more  or  less  pure, it  is  advisable  to  follow  a method  in  analysing. 
The  blowpipe  decides  whether  the  stone  leaves  any  residue  on 
combustion.  A piece  of  the  stone  is  then  reduced  to  a pow- 
der, a weighed  portion  of  which  is  extracted  with  ether,  then 
with  alcohol,  and,  at  last,  repeatedly  with  boiling  water.  The 
ether  dissolves  any  fat ; the  alcohol  takes  up  colouring  mat- 
ter ; the  boiling  water  removes  urates  and  soluble  inorganic 
salts,  and  a trace  of  the  acid.  If  it  is  not  necessary  to  be  very 
accurate,  the  extraction  with  ether  and  alcohol  may  be 
omitted.  The  powder  which  is  not  soluble  in  water  may  now 
be  dissolved  in  a dilute  and  warm  solution  of  caustic  potash 
or  soda,  and  precipitated  by  carbonic  acid,  when  snowy- 
white  urate  of  soda  Avill  be  mostly  obtained.  Or  the  solution 
in  potash  may  be  precipitated  with  acetic  acid,  when  all  the 
uric  acid  falls  down  in  a very  pure  state,  and  is  obtained  by 
filtration,  washing,  and  drying.  The  combined  weights  of  the 
extracts  and  of  the  pure  uric  acid  must  be  nearly  equal  to  the 
weight  of  the  powder  taken  for  analysis. 

Concretions  of  Urate  of  Ammonia , Soda,  and  Lime. 

Calculi  composed  essentially  of  urates  are  of  rather  rare 
occurrence,  and  seem  confined  to  children  under  puberty.1 
They  are  of  small  size,  and  have  a smooth  or  slightly  tuber- 
culated  surface,  and  a pale  slate  or  clay  colour,  sometimes 
with  an  admixture  of  red  or  brown.  In  rare  instances  their 
colour  is  fawn,  and  in  such  stones  pink  layers  occur  towards 
the  centre.  They  are  composed  of  concentric  layers,  but  the 
layers  are  much  less  distinct  and  much  thinner  than  those  of 
uric  acid  calculi.  They  have  a fine  earthy  fracture,  and  are 
easilv  broken. 

The  chemical  diagnosis  rests  upon  the  solubility  of  the 
urates  in  boiling  water,  by  which  they  are  distinguished  from 
all  other  calculi.  After  the  urates  have  been  obtained  in  a 
pure  state  by  dissolving  and  filtering,  the  uric  acid  may  be 
precipitated  by  acetic  acid,  collected  on  a filter,  washed,  dried, 
and  weighed.  The  filtered  fluid  contains  the  acetates  of  the 
bases  with  which  uric  acid  was  combined.  We  evaporate  to 
dryness,  and  expose  the  residue  to  a red  heat,  when  soda 
and  lime  remain,  the  former  combined  with  carbonic  acid, 
the  latter  partly  as  carbonate,  partly  as  caustic  lime.  The 
residue  is  now  dissolved  in  a little  acid,  muriatic  or  acetic; 
the  lime  is  precipitated  as  oxalate  by  the  addition  of  oxalate 

1 Vide  Prout,  loc.  cit.,  p.  10G,  and  ‘ Med.-Chir.  Trans.,’  vol.  x.  p.  389. 
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of  ammonia,  filtered,  dried,  and  weighed.  The  filtered  liquid 
contains  the  soda,  which  may  be  determined  either  as  muriate 
or  acetate,  or  better,  after  heating,  as  carbonate.  If  for  every 
equivalent  of  base  an  equivalent  of  uric  acid  be  taken,  we 
find  by  the  excess  of  uric  acid  the  amount  of  ammonia 
which  was  present  and  combined  with  it. 

The  calculi  composed  of  lithates  frequently  contain 
oxalate  of  lime  and  small  quantities  of  the  phosphates  in 
intimate  mixture  with  the  lithates.  They  are  then  called 
mixed  calculi. 


Layers  of  Uric  Acid  and  Urates  in  alternating  and  mixed 

Calculi. 

These  layers  are  due  to  the  same  causes  as  the  massive 
concretions.  But  there  seems  to  be  one  cause  of  the  occur- 
rence of  urates  to  which  it  is  necessary  to  advert,  before  con- 
cluding the  chapter  on  uric  acid.  Ammonia  at  the  temperature 
of  the  body  very  quickly  changes  uric  acid  into  urate  of 
ammonia.  Let  us  apply  this  to  a uric  acid  stone.  The  mine 
in  calculous  disorders  very  frequently  becomes  alkaline ; nay, 
if  the  disorder  last  long  enough,  alkaline  decomposition  of 
the  urine  in  the  bladder  is  almost  always  present.  In  evidence 
of  this,  almost  one  half  of  all  calculi  possesses  a cortical  layer 
of  mixed  phosphates,  the  consequences  exclusively  of  alkaline 
urine.  Now  there  can  be  no  doubt,  that  if  a uric  acid  stone 
become  the  cause  of  such  disorders  of  the  urinary  passages 
as  will  induce  alkaline  fermentation  in  the  mine,  the  outer 
layers  of  this  stone  must  be  transformed  into  urate  of  am- 
monia, and  this  urate  of  ammonia  (or  soda)  would  undoubtedly 
be  dissolved  and  carried  away,  unless  the  carbonic  acid  present 
diminished  its  solubility,  and  if  the  urine  were  dilute  enough 
to  act  as  a solvent,  i.  e.,  were  not  itself  too  much  saturated 
with  the  urates.  A stone  with  a uric  acid  nucleus,  a bodv 
of  urates,  and  a cortical  portion  of  mixed  phosphates,  is  to  my 
understanding  the  type  of  this  process,  and  suggests  to  me 
the  following  history  : In  the  beginning  there  was  a renal 
uric  acid  concretion,  which  increased  by  the  acid  fermentation 
in  the  bladder.  Then  the  calculus  caused  disorder  of  the 
bladder,  or  of  the  urine  (as  by  excessive  treatment  with  alka- 
line remedies),  which  ended  in  the  establishment  of  alkaline 
fermentation  in  the  bladder,  by  which  the  outer  layers  of  the 
uric  acid  concretion  were  first  transformed  into  urate  of 
ammonia,  and  afterwards  encased  in  a crust  of  mixed 
phosphates. 


CHAPTER  V. 


CREATINE  AND  CREATININE. 


History. 

The  juice  of  flesh  contains  a crystallizable  substance,  which 
was  in  1835  discovered  by  Chevreul1  in  bccf-tca  of  the  Dutch 
Company,  and  by  him  termed  creatine.  Creatine  and  crea- 
tinine (in  the  form  of  chloride  of  zinc  salt)  were  subsequently, 
in  1814,  found  in  the  urine  contemporaneously  by  Ileintz2 
and  Pettenkofer,3  but  their  identity  with  the  crystallizable 
substance  of  the  juice  of  flesh  was  not  then  recognised.  In 
1847  creatine  and  creatinine  were  demonstrated  by  Liebig4 
to  be  constant  ingredients  of  the  juices  of  the  flesh  of  almost 
all  the  classes  of  vertebrate  animals  and  of  the  urine  of  man. 
Yercleil  and  Marcet5  found  creatine  in  the  blood  of  the  ox. 


CREATINE. 

The  composition  of  creatine  is  as  follows  : 

8 equivalents  of  carbon  . . .48  36' 61 

3 ,,  nitrogen  . . 42  32'06 

9 ,,  hydrogen  . . 9 6'87 

4 „ oxygen ...  32  24'43 


Atomic  weight  of  dry  creatine  131  100  00 

Crystallized  creatine,  therefore,  corresponds  to  the  formula 

C8H9N304  + 2Aq.  1 atom  of  dry  creatine  . 131  87'92 

2 atoms  of  water  ...  18  12 '08 

149  100-00 

Occurrence. 

Creatinine  is  present  in  the  flesh  of  man  and  the  mammalia, 
of  birds,  amphibia,  and  fishes.  The  flesh  of  fowl  yields  the 

1 ‘ Journal  de  Pharm.,’  t.  xxi,  p.  236. 

1 (Ileintz)  ‘ Poggendorf’s  Annal.,’  lxii,  p.  602;  lxx,  p.  460  ; lxxiii,  p.  696; 
lxxiv,  p.  125. 

3 * Annal.  d.  Chern.  und  Pliarm.,’  Bd.  lii,  S.  97. 

4 ‘ Chemische  Untersucliung  iiber  das  Fleisch  und  seine  Zubereitung  zurn  Nahr- 
ungsmittel,’  Heidelberg,  1847,  p.  47. 

5 Journ.  de  Pharm.,’  13)  xx,  p.  89.  Liebig  and  Kopp’s  ‘ Jabresbericlit,’ 
1851,  p.  586. 
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largest  proportion  (3'2  per  mille);  next  the  ox’s  heart  (1*3  per 
mille);  and  the  flesh  of  the  cod-fish  (09  to  1 '7  per  mille). 
The  quantity  of  creatine  obtained  from  the  flesh  of  man  is 
O' 67  per  mille,  about  the  same  proportion  as  from  beef. 
Creatine  is  present  in  the  blood  and  urine  of  man  and  all  ani- 
mals hitherto  examined. 

Liebig’s  method  of  obtaining  Creatine. 

In  order  to  obtain  creatine  pure,  a quantity,  say 
ten  pounds,  of  flesh  of  a recently  killed  animal  is  freed 
of  fat  and  finely  chopped ; five  pounds  are  then  mixed 
with  an  equal  amount  of  cold  distilled  water,  carefully 
kneaded  through  by  means  of  the  hands,  and  then  pressed 
carefully  in  a bag  of  coarse  linen.  The  residue  is  now  again 
carefully  mixed  with  another  five  pounds  of  water,  and  again 
subjected  to  pressure.  The  fluid  from  the  first  pressing  is  put 
aside  for  further  treatment  to  be  described ; the  fluid  from 
the  second  pressing  serves  towards  the  extraction  of  the 
second  portion  of  the  flesh.  The  first  portion  of  flesh  is  a 
third  time  treated  in  a similar  way  with  five  pounds  of  water, 
and  the  fluid  obtained  by  pressing  is  used  for  the  second 
extraction  of  the  second  portion  of  flesh ; the  latter  is 
treated  a third  time  with  pure  water,  and  pressed. 

The  united  fluids  are  filtered  through  a clean  cloth,  and 
filled  into  a large  balloon  of  glass ; the  latter  is  placed  in  a 
kettle  with  water,  which  is  gradually  heated  to  the  boil- 
ing point,  and  kept  at  that  temperature  until  the  extract 
has  lost  its  colour,  and  albumen  and  colouring  matter  have 
separated  in  the  form  of  a coagulum.  If  a portion  of  the  fluid 
in  a test-tube  heated  to  boiling  remains  clear,  this  operation 
is  completed. 

The  fluid  is  now  separated  from  the  coagula  by  filtration 
through  a cloth,  and  subsequent  pressing.  The  united  fluids 
are  then  filtered  through  paper. 

The  colour  of  the  fluid  so  obtained  is  reddish,  if  extracted 
from  the  flesh  of  the  ox,  doe,  hare,  or  fox  ; but  the  fluid  from 
the  flesh  of  the  calf,  fowl,  or  fish,  is  scarcely  coloured.  The 
extracts  from  the  flesh  of  all  animals  are  acid,  from  the  pre- 
sence of  free  acid,  which  must  be  removed  before  evaporating 
the  fluid,  as  it  would  cause  a dark  brown  colour  of  the  con- 
centrated fluid,  and  not  permit  the  crystallization  of  creatine. 
In  order  to  remove  this  acid,  a concentrated  solution  of 
caustic  baryta  is  added  to  the  extract  as  long  as  a white 
precipitate  is  thereby  produced.  Neutrality  or  alkalinity 
should  not  deter  the  operator  from  adding  the  baryta  solution 
as  long  as  it  produces  any  turbidity. 
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After  separation  from  the  precipitate,  which  contains  all 
the  phosphoric  acid  of  the  juice  of  flesh  in  the  form  of  phos- 
phate of  baryta  and  magnesia,  the  fluid  is  evaporated  in  shallow 
china  dishes  on  the  water-  or  sand-bath,  taking  care  never  to 
allow  it  to  be  heated  to  ebullition  ; the  upper  part  of  the  dish 
must  never  get  more  hot  than  the  fluid,  as  a ring  of  dry  sub- 
stance is  formed  thereby,  which  afterwards,  on  the  addition 
of  new  portions  of  fluid,  dissolves,  and  on  further  concen- 
tration imparts  a brown  colour  to  the  fluid.  The  extracts 
from  the  flesh  of  fowl  or  fish  remain  colourless  and  clear  to 
the  last.  If  an  excess  of  baryta  have  been  added,  a pellicle 
of  carbonate  of  baryta  is  formed  on  the  surface.  The  extract 
from  the  flesh  of  the  ox,  calf,  or  horse,  at  certain  stages  of  its 
concentration,  forms  pellicles  of  organic  matter  on  its  surface, 
which  must  be  removed  as  often  as  they  are  formed. 

When  the  extract  has  been  evaporated  to  about  ^5tli  part 
of  its  volume,  and  has  assumed  a syrupy  consistence,  it  is  put 
into  a moderately  warm  place,  and  evaporation  slowly  allowed 
to  go  on ; very  soon  there  appear  on  its  surface  small,  short, 
colourless  needles,  which  increase  in  numbers  by  standing 
and  cooling  of  the  fluid,  so  that  the  walls  of  the  vessel  gra- 
dually become  covered  by  them.  These  crystals  are  creatine. 
They  are  freed  from  the  mother-liquor  by  filtration,  washed 
with  water,  lastly  with  alcohol,  and  dissolved  in  boiling 
water.  Should  this  solution  be  coloured,  it  is  boiled  with 
a little  animal  charcoal,  and,  after  filtration,  will  be  as  clear 
as  water.  On  cooling,  it  deposits  creatine  in  perfectly  pure 
crvstals. 

V 

According  to  Gregory,1  creatine  is  obtained  cheaply  from 
cod,  which,  when  chopped,  well  mixed  with  little  more  than 
its  own  weight  of  water,  and  pressed  out,  yields  a fluid  which, 
■when  neutralized  (after  the  coagulation  of  albumen)  by 
baryta,  filtered  to  separate  the  phosphate  of  baryta,  and  gently 
evaporated  till,  on  cooling,  it  forms  a thin  jelly,  deposits,  on 
standing,  creatine  in  large  crystals,  nearly  pure. 

The  heart  of  the  ox  is  another  convenient  material,  rich  in 
creatine.  The  cheapest  material  from  which  to  obtain  crea- 
tine is  urine.  The  method  of  obtaining  creatine  from  urine 
I shall  describe  under  creatinine. 

Physical  properties. 

Creatine  crystallizes  in  the  clinorhombic  system : all  axe's 

1 ‘Quarterly  Journ.  of  the  Chem.  Soc.,’ i,  p.  25.  ‘Handbook  of  Organ. 
Chemistry,’  3rd  edit.,  1852,  p.  444. 
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unequal,  two  at  riglit  angles  to  each  other  in  a horizontal 
plane,  the  third  axis  inclined  in  a plane  cutting  either  of  the 
other  two  axes.  The  clinodiagonal  inclined  to  the  principal 
axis  in  an  angle  of  70°  20';  inclination  of  the  planes  oo  P; 
qo  P in  the  orthodiagonal  principal  section  = about  133° 
2'.  Specific  gravity  of  the  crystals  = 1 ’35  to  P34.1  The 
crystals  are  colourless,  perfectly  transparent,  and  lustrous. 
They  are  connected  with  each  other  in  tufts  and  groups,  and 
then  resemble  acetate  of  lead  (vide  plate  ii,  fig.  5) . 

Chemical  properties. 

Creatine  is  easily  soluble  in  boiling  water;  a solution 
saturated  at  that  temperature  becomes  on  cooling  a mass  of 
fine  lustrous  needles.  From  a dilute  solution,  however, 
creatine  crystallizes  very  slowly  in  rather  large  crystals, 
which  may  attain  a length  of  from  one  fourth  to  three  eighths 
of  an  inch,  and  a thickness  of  one  eighth  of  an  inch,  and  will 
further  increase  in  size  if  left  in  the  mother-liquor  for  some 
time. 

1000  parts  of  water  at  64°4  F (1 8°C.)  dissolve  13*44  creatine, 
or  one  part  of  creatine  dissolves  in  74*4  water. 

In  cold  alcohol  creatine  is  almost  insoluble,  one  part 
requiring  9410  parts  of  alcohol  for  solution.  It  is  more 
soluble  in  spirits  of  wine  containing  some  water. 

The  watery  cold  solution  of  creatine,  which  contains  a very 
small  amount  of  that  substance,  possesses  for  that  reason  a 
weak,  bitterish  taste,  and  causes  a sensation  of  irritation  in 
the  pharynx.  If  the  solution  contains  a trace  of  a foreign 
organic  substance,  it  changes  very  easily,  mouldy  vegetations 
form  in  it,  and  it  assumes  a disgusting  odour. 

Creatine  even  in  the  largest  quantity  does  not  neutralize 
the  acid  reaction  of  the  weakest  acid ; it  does  not  possess  a 
basic  character ; it  is  soluble  in  baryta  water  at  a higher 
temperature,  but  crystallizes  out  of  the  cooling  solution 
without  having  undergone  any  change.  The  crystals  so 
obtained  contain  no  baryta,  and  from  the  solution  the  whole 
of  the  baryta  may  be  precipitated  by  carbonic  acid. 

Decompositions. — On  being  boiled  with  baryta  water,  creatine 
is  decomposed,  ammonia  being  evolved  on  the  one  hand,  and 
carbonate  of  baryta  in  crystalline  granules  formed  on  the 
other.  This  decomposition  will  take  place  even  though  the 
air  be  entirely  excluded  from  influencing  the  substance. 


Ileintz,  ‘Poggend.  Ann.,’  lxxiii,  p.  595. 
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In  solution  there  remains  an  organic  base  of  the  com- 
position C6H7N04,  sarcosine.  This  formula,  when  deducted 
from  the  elements  of  creatine,  leaves  a formula  which  exactly 
corresponds  to  the  composition  of  urea. 

1 equiv.  creatine  . . . C8HnN3Ofi  less 

1 equiv.  sarcosine  . . . Cf;H7  N 04 

Remain  urea  . . . C2H4  N202 

It  is,  therefore,  evident  that  ammonia  and  carbonic  acid 
are  products  of  a secondary  decomposition  and  derived  from 
the  urea. 

A solution  of  permanganate  of  potash  in  which  creatine 
is  dissolved  loses  its  red  colour  only  after  standing  some 
length  of  time  in  a higher  temperature.  No  gas  is  evolved 
during  this  process.  The  fluid  after  decoloration  does  not 
any  longer  contain  creatine,  but  yields  white  crystals  on 
evaporation,  and  the  potash  is  in  part  combined  with  carbonic 
acid. 

The  influence  of  strong  mineral  acids  is  very  remark- 
able. A solution  of  creatine,  to  which  at  the  ordinary 
temperature  hydrochloric  acid  has  been  added,  gives  on  spon- 
taneous evaporation  crystals  consisting  of  unchanged  creatine. 
If,  however,  the  solution  is  heated  with  strong  hydrochloric 
acid,  creatine  cannot  be  obtained  any  longer  from  the  solution. 
The  same  effect  is  obtained  by  either  sulphuric,  phosphoric, 
or  nitric  acid.  If  creatine  is  dissolved  in  one  of  these  acids, 
and  the  solution  is  evaporated  at  a gentle  heat,  crystals  are 
obtained  which  are  easily  soluble  in  alcohol,  a property  which 
docs  not  belong  to  creatine.  These  crystals  contain  a portion 
of  the  acid  in  chemical  combination ; they  are,  in  fact,  the 
salts  of  the  acid  with  an  organic  base,  creatinine.  This  trans- 
formation of  creatine  into  creatinine  under  the  influence  of 
mineral  acids  consists  essentially  in  the  elimination  from  the 
former  of  four  equivalents  of  water. 

1 equiv.  creatine  = C8HnN306  less 

4 equiv.  water  = H4  04 

1 equiv.  creatinine  = C8H-  N30„ 

Physiology  of  Creatine. 

Creatine  being  present  in  the  muscles,  striated  and  organic,1 
1 Gorup-Besanez,  loc.  cit.,  p.  121. 
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of  all  classes  of  vertebrate  animals,  and  being  absent  from  the 
brain,  liver,  and  kidneys  of  the  same  animals,  it  becomes 
highly  probable  that  it  stands  in  a certain  relation  to  the 
chemical  changes  in  these  organs  in  which  it  is  found.  It 
seems  to  be  a product  of  the  chemical  action  induced  in  the 
muscle  by  the  influence  of  motion.  For  in  wTild  and  hunted 
animals,  such  as  foxes  and  game,  the  quantity  of  creatine 
contained  in  the  muscles  is  much  larger  than  in  domesticated 
animals.  This  difference  in  the  amount  of  creatine  produced 
in  the  muscular  tissue  is  very  strikingly  exhibited  in  the  same 
class  of  animals. 

A fox  which  had  been  fed  on  meat  for  two  hundred  days, 
at  the  Anatomical  Institution  in  Giessen,  did  not  yield  one 
tenth  part  of  the  quantity  of  creatine  which  was  obtained 
from  an  equal  weight  of  the  flesh  of  foxes  which  were  caught 
by  hunting. 

The  amount  of  creatine  contained  in  the  muscles  of  an 
animal  stands  in  a close  relation  to  the  quantity  of  fat 
deposited  in  the  animal,  or  to  the  causes  which  determine  the 
deposition  of  fat.  From  fat  meat  there  are  frequently  obtained 
only  traces  of  creatine,  and  under  all  circumstances  a much 
smaller  quantity  than  from  lean  meat  with  an  equal  amount 
of  fibrous  matter.  The  above-mentioned  fox,  which  had  been 
fed  on  meat,  yielded  above  one  pound  of  fat  from  the  peritoneal 
folds,  while  in  hunted  or  otherwise  chased  foxes  no  fat  was 
perceptible  to  the  eye.  The  heart  of  the  ox,  a never-resting 
muscle,  contains  a large  amount  of  creatine,  and  is  therefore 
frequently  used  for  producing  it  in  quantities. 

Creatine  is  present  in  the  blood,  by  which  it  makes  its  way 
to  the  kidneys.  It  occurs  in  the  urine  as  a regular  ingredient, 
though  present  in  small  quantities  only.  It  is  partly  trans- 
formed into  creatinine,  most  probably  somewhere  between  the 
muscle  and  the  urinary  residue  out  of  which  the  zinc  salt 
crystallizes.  For,  in  the  muscle,  creatine  has  by  far  the  prepon- 
derance over  creatinine ; in  the  urine,  creatinine  over  creatine. 

Creatine  is,  therefore,  truly  excrementitious  : its  relation 
to  urea  proves  this  beyond  doubt.  Its  exclusive  occurrence 
in  the  muscles  shows  the  seat  of  its  formation ; it  is,  with 
other  matters,  a product  of  the  chemical  changes  in  the 
muscles. 


Quantity  discharged  in  tiventy-four  hours. 

This  question  seems  of  sufficient  importance ; but  few  obser- 
vations have  been  made  on  it.  My  own  experiments,  detailed 
at  the  end  of  this  chapter,  yield  O' 305  grammes  of  creatine 
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discharged  in  the  urine  during  twenty-four  hours,  as  the  average 
of  twenty-six  days  of  two  individuals.  In  disease  the  quantity 
of  creatine,  together  with  that  of  creatinine,  might  serve  to 
indicate  the  intensity  of  any  spasmodic  or  convulsive  action. 
The  question  as  to  its  quantity  in  tetanic  and  epileptic  disease 
is  one  of  high  interest.  Cases  of  paralysis  agitans,  in  which 
the  spasmodic  action  ceases  with  sleep,  may  perhaps  afford 
good  opportunities  for  demonstrating  the  influence  of  rest  and 
motion ; though  the  different  nutrition  in  the  muscle  may, 
perhaps,  vary  the  chemical  changes  in  some  degree. 

These  suggestions  for  future  researches  must  not  be  mis- 
taken for  theories  or  suppositions. 


CREATININE. 

The  composition  of  creatinine  in  100  parts  is  as  follows  : 


8 equivalents  of  carbon 

. 48 

42-48 

7 „ hydrogen 

. 7 

6-19 

3 ,,  nitrogen 

. 42 

3717 

2 „ oxygen 

. 16 

14-16 

Atomic  wreight  of  creatinine 

. 113 

100-00 

The  formula  is  CgH^N.^CX. 

Occurrence. 

4 

Creatinine  is  found  in  the  muscles  of  the  vertebrate  animals 
in  small  quantities,  and  in  the  urine  of  man  in  larger  quan- 
tities than  in  the  muscles.  It  is  the  product  of  the  natural 
or  artificial  decomposition  of  creatine,  as  already  described. 

Mode  of  obtaining  Creatinine  and  Creatine  from  Urine. 

The  urine  is  neutralized  with  some  milk  of  lime,  and  a so- 
lution of  chloride  of  calcium  is  then  added,  so  long  as  a 
precipitate  of  phosphate  of  lime  is  produced.  The  fluid  is 
then  filtered  and  evaporated  until  the  salts  are  deposited.  The 
mother-liquor  is  then  separated  from  the  salts  (without  the 
use  of  alcohol),  and  mixed  with  one  twenty-fourth  of  its 
weight  of  a syrupy  solution  of  neutral  chloride  of  zinc.  After 
the  lapse  of  three  or  four  days,  a great  part  of  the  chloride 
of  creatinine  and  zinc,  with  some  creatine,  has  crystallized  in 
yellowy  roundish,  warty  granules.  The  deposit  is  washed 
with  water,  then  dissolved  in  boiling  water,  and  to  this  solu- 
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tion  hydrated  oxyde  of  lead  is  added,  until  the  fluid  gives  an 
alkaline  reaction  to  test-paper.  The  threefold  amount  of  the 
oxyde  of  lead  used  up  to  this  point  is  now  added,  and  the 
fluid  kept  boiling,  until  it  appears  to  coagulate  iuto  a light 
yellow  magma.  The  decomposition  is  now  completed.  Zinc, 
hydrochloric  acid,  and  lead  in  the  form  of  the  basic  oxy- 
chloride are  thus  transformed  into  an  insoluble  condition  ; the 
substance  combined  with  them  before  the  addition  of  the  lead 
remains  in  solution.  The  latter  is  now  treated  with  some 
animal  charcoal,  which  removes  a yellow  colouring  matter 
and  a trace  of  oxyde  of  lead,  and  is  then  evaporated  to  dry- 
ness. There  remains  now  a white  crystalline  body — a mixture 
of  two  substances,  which  may  easily  be  separated  by  alcohol, 
as  the  one  dissolves  easily  in  boiling  alcohol,  in  which  the 
other  is  almost  insoluble.  A portion  of  the  crystalline  residue, 
when  heated  with  eight  or  ten  times  its  weight  of  alcohol, 
either  leaves  a residue,  or  dissolves  completely ; and  the  solu- 
tion deposits  crystals  on  cooling  : these  crystals  are  identical 
in  their  properties  with  the  residue,  if  any  was  left.  If  these 
crystals  are  removed  from  the  mother-liquor,  and  the  latter  is 
evaporated,  a new  crystallization  of  a different  form  and  dif- 
ferent properties  is  obtained.  The  body  remaining  as  a residue, 
or  crystallizing  first,  contains  water  of  crystallization,  and  is 
without  reaction  upon  vegetable  colours ; the  other  in  its 
watery  solution  is  strongly  alkaline,  its  crystals  do  not  disin- 
tegrate by  losing  water,  and  the  chemical  analysis  shows  that 
the  body  which  crystallizes  first  is  creatine,  and  the  other 
creatinine. 

Mode  of  obtaining  Creatinine  from  putrid  Urine. 

If  putrid  urine,  in  which  the  whole  of  urea  is  transformed 
into  carbonate  of  ammonia,  be  boiled  with  milk  of  lime, 
until  ammonia  is  not  any  longer  evolved,  the  fluid  then  fil- 
tered, evaporated  to  a syrupy  consistence,  and  treated  with 
one  twenty-fourth  part  of  its  weight  of  a syrupy  solution  of 
neutral  chloride  of  zinc,  there  will,  in  the  course  of  a few  days, 
be  deposited  a considerable  quantity  of  a yellow  granular 
body,  which  contains  chlorine  and  zinc,  and,  under  the  mi- 
croscope, cannot  be  distinguished  from  the  zinc  salt  obtained 
from  fresh  urine  in  the  manner  above  described.  When  dis- 
solved in  boiling  water,  and  freed  from  the  chloride  of  zinc 
and  colouring  matter  by  means  of  hydrated  oxyde  of  lead  and 
animal  charcoal,  the  organic  substance,  which  was  combined 
with  the  zinc,  appears  as  pure  creatinine  without  any  admix- 
ture of  creatine. 
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During  putrefaction  of  tlie  urine,  therefore,  creatine  is  de- 
composed, while  creatinine  undergoes  no  change. 

Creatine  is  an  accidental  and  variable  admixture  of  the  salt 
of  creatinine  with  chloride  of  zinc.  A warm — not  boiling — 
solution  of  creatine  is  not  precipitated  by  chloride  of  zinc,  and 
the  crystals  deposited  from  it  are  free  from  chlorine  and  zinc, 
and  have  the  characters  of  pure  creatine. 

It  is  evident  that  when  fresh  urine  contains  creatinine  in 
combination  with  an  acid,  and  free  creatine,  the  creatinine 
will  he  set  free  by  neutralization  with  an  alkali ; and  if  this 
fluid  be  now  concentrated  and  evaporated  to  about  one  twentieth 
of  its  original  volume,  a combination  of  creatinine  will  be 
precipitated  by  the  addition  of  chloride  of  zinc,  the  crystals 
of  which  will,  however,  be  mixed  with  crystals  of  creatine,  as 
soon  as  the  latter  is  present  in  a larger  quantity  than  the 
fluid  can  retain  in  solution  at  the  ordinary  temperature  of 
the  air. 


Mode  of  obtaininy  Creatinine  from  Creatine. 

If  creatine  be  treated  with  concentrated  hydrochloric  acid, 
the  solution  evaporated,  and  the  dry  mass  heated  in  the 
water-bath  until  all  free  hydrochloric  acid  has  been  driven 
out,  the  residue  consists  of  pure  chloride  of  creatinine.  From 
this  salt  the  creatinine  is  obtained  by  boiling  its  solution  in 
water  with  hydrated  oxyde  of  lead. 

In  a similar  manner  creatinine  is  obtained  from  the  sul- 
phate, by  adding  to  the  boiling  watery  solution  carbonate  of 
baryta,  until  the  fluid  shows  an  alkaline  reaction,  and  no  more 
carbonic  acid  is  evolved.  Sulphate  of  baryta  is  precipitated, 
and  pure  creatinine  remains  in  solution. 

Physical  properties. 

Creatinine,  according  to  Kopp,1  crystallizes  in  the  mono- 
clinometric  (clinorliombic)  system.  The  crystals  are  formed  bv 
the  prism  x P,  the  basic  terminal  plane  OP,  and  the  clinodia- 
gonal  terminal  plane  go  P go.  The  orthodiagonal  is  shorter  than 
the  clinodiagonal.  The  angle  OP  : go  P co  (the  angle,  namelv, 
at  which  the  principal  axis  is  inclined  to  the  clinodiagonal) 
was  found  = 69°  24'.  The  angle  at  which  the  lateral  planes 
oc  P coincide  in  the  orthodiagonal  section  is  = 98°  20' : and 
accordingly  the  angle  formed  by  x P x with  x P is  = 130° 
50'.  (vide  plate  ii,  fig.  6.) 


1 Liebig,  loc.  cit.  p.  N. 
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Chemical  properties. 

Creatinine  is  much  more  soluble  in  cold  water  than  creatine. 
1000  parts  of  water  dissolve  87  parts  of  creatinine,  or  one  part 
dissolves  in  1F5  parts  of  water  at  60°F.(15°C.)  In  hot  water 
it  is  much  easier  soluble. 

The  watery  solution  restores  the  blue  colour  to  reddened 
litmus  paper.  A crystal  of  creatinine,  placed  upon  a piece 
of  wet  turmeric  paper,  produces  a brown  stain  on  the  spot 
where  it  lies.  In  concentrated  solutions  it  has  a caustic  taste, 
like  dilute  liquor  of  ammonia. 

Creatinine  dissolves  in  boiling  alcohol,  and  crystallizes  from 
the  solution  on  cooling.  1000  parts  of  alcohol  at  60°F.  (15°C.) 
dissolve  9'8  parts  of  creatinine,  102  parts  dissolve  one  part. 

The  chemical  character  of  creatinine  is  quite  that  of 
ammonia. 

A moderately  concentrated  solution  of  nitrate  of  silver,  to 
which  a solution  of  creatinine  is  added,  coagulates  imme- 
diately into  a mass  of  delicate  white  needles,  which  are 
easily  soluble  in  hot  water,  but  crystallize  out  of  it  on 
cooling,  without  having  undergone  any  change.  They  con- 
sist of  a basic  combination  of  creatinine  with  nitrate  of 
silver. 

In  a solution  of  corrosive  sublimate,  creatinine  produces 
immediately  a white  curdy  precipitate,  which,  in  the  course 
of  a few  minutes,  transforms  into  a heap  of  delicate,  trans- 
parent, colourless  needles. 

In  a watery  neutral  solution  of  chloride  of  zinc,  creatinine 
produces  immediately  a crystalline  precipitate,  in  the  form 
of  roundish,  warty  granules,  which,  under  the  microscope, 
are  seen  to  consist  of  delicate  needles  in  zeolithic  arrange- 
ment. (vide  plate  iii,  fig.  1.) 

Creatinine  expels  ammonia  from  its  salts,  and  forms  blue 
erystallizable  double-salts  with  the  salts  of  oxyde  of  copper. 

Chloride  of  platinum  produces  no  precipitate  in  solutions 
of  chloride  of  creatinine.  If  the  mixture  of  the  two  solutions 
is,  however,  evaporated  at  a gentle  heat,  dark-yellow,  trans- 
parent, rather  large  crystals  are  formed,  which  are  pretty 
easily  soluble  in  water,  less  soluble  in  alcohol.  This  salt  has 
a composition  similar  to  the  double-salt  of  chloride  of  platinum 
and  ammonium. 


Combinations . 

Chloride  of  creatinine. — On  exposing  crystallized  creatine 
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in  Liebig’s  drying  apparatus,  at  a temperature  of  240°  F. 
(100°  C.),  to  a current  of  dry  hydrochloric  acid  gas,  the 
weight  of  the  apparatus  increases  at  first;  on  continuing, 
however,  the  high  temperature  and  current  of  hydrochloric 
acid  gas  for  some  time,  very  nearly  the  original  weight  of  the 
apparatus  is  at  last  obtained.  During  the  experiment  water 
is  constantly  seen  to  leave  the  apparatus,  until  the  weight  of 
the  apparatus  remains  stationary.  If  dried  creatine  be  taken 
for  the  experiment,  the  apparatus  shows  an  increase  in  weight. 
The  body  produced  under  these  circumstances  is  neutral 
chloride  of  creatinine. 

In  the  same  manner,  chloride  of  creatinine  is  obtained  by 
dissolving  creatine  in  concentrated  hydrochloric  acid,  in  a 
china  dish,  evaporating  the  solution,  and  heating  the  residue 
in  the  water-bath  until  all  free  hydrochloric  acid  has  dis- 
appeared. 

This  salt  contains  one  equivalent  of  hydrochloric  acid  and 
one  equivalent  of  creatinine.  It  is  easily  soluble  in  boiling- 
alcohol,  and  crystallizes  from  this  solution  in  short,  trans- 
parent, colourless  prisms,  which  are  easily  soluble  in  water. 
On  evaporation,  it  is  obtained  in  large  transparent  laminae  of 
an  acid  reaction. 

Chloride  of  creatinine  + chloride  of  platinum. — A solution  of 
chloride  of  creatinine,  when  mixed  with  chloride  of  platinum, 
and  gently  evaporated,  yields  rosy  crystals,  prisms  of  the 
double-salt.  On  rapid  formation,  this  salt  is  obtained  in 
yellowish-red,  transparent  granules.  It  contains  30-95  per 
cent,  of  platinum. 

Sulphate  of  creatinine. — On  adding  to  one  part  of  creatine 
an  equal  weight  of  dilute  sulphuric  acid  (composed  of  27  parts 
of  concentrated  sulphuric  acid  and  73  parts  of  water),  evapo- 
rating to  dryness,  and  heating  until  all  moisture  is  volatilized, 
neutral  sulphate  of  creatinine  is  obtained.  It  may  also  be 
produced  by  adding  to  a boiling  saturated  solution  of  crea- 
tinine dilute  sulphuric  acid,  until  a strongly  acid  reaction  is 
perceived,  and  evaporating  to  dryness.  A white  crystalline 
mass  is  thus  obtained,  easily  soluble  in  hot  alcohol.  On 
cooling,  the  solution  becomes  milky,  and,  on  becoming  clear, 
deposits  transparent,  concentric,  quadratic  plates  of  neutral 
sulphate  of  creatinine.  They  remain  transparent  and  clear 
at  a temperature  of  240  F.  (100°  C.) 

Chloride  of  zinc  + creatinine. — On  adding  a syrupy  solution 
of  neutral  chloride  of  zinc  to  a concentrated  solution  of  crea- 
tinine, a white  granular  precipitate  is  immediately  pro- 
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duced,  tlie  microscopical  appearances  of  which  I have  already 
described.  This  may  he  filtered  from  the  mother-liquid  after 
twenty-four  hours,  washed  with  cold  water,  in  which  it  is  very 
little  soluble.  It  is  much  more  soluble  in  boiling  water,  and 
crystallizes  from  a saturated  solution,  on  slow  evaporation  in 
large  granules,  warts,  and  groups  of  needles.  This  salt, 
mixed  with  creatine,  constitutes  the  substance  originally 
obtained  by  Pettenkofer,  and  produced  from  urine  by  the  first 
method. 

From  this  salt  and  from  the  chloride  creatinine  may  be  se- 
parated by  boiling  with  hydrated  oxyde  of  lead,  in  the  manner 
described  for  the  first  method.  From  the  sulphate,  creatinine 
may  be  obtained  by  adding  to  its  boiling  watery  solution  car- 
bonate of  baryta,  until  effervescence  is  not  any  longer  pro- 
duced, and  the  fluid  has  got  an  alkaline  reaction.  Sulphate 
of  baryta  being  thus  formed,  pure  creatinine  remains  in 
solution. 

Observations  on  tlie  quantity  of  Creatinine  and  Creatine  dis- 
charged in  given  times  by  healthy  individuals. 

Observation  1. — Five  days’  urine  from  A,  28  years  of  age, 
weight  of  body  70  kilogrammes,  was  treated  for  creatinine 
and  creatine  by  Liebig’s  process.  The  zinc  salt  was  decom- 
posed by  hydrated  oxyde  of  lead.  The  mixture  of  the  two 
substances  obtained  was  separated  by  alcohol,  the  alcoholic 
solution  of  creatinine  was  evaporated  to  dryness  in  a watcr- 
batli.  The  drying  process  was  completed  with  a chloride-of- 
calcium-tube  and  an  air-pump.  There  was  obtained,  creati- 
nine, 3"  1292  grammes. 

The  creatine  which  constituted  the  residue  from  the  alcoholic 
extraction  was  washed  into  a silver  capsule  with  boiling- 
water,  and  evaporated  to  dryness.  Its  weight  was  creatine, 
2 0475  grammes. 

This  gives  0-6258  grammes  of  creatinine  per  day,  and  0-4095 
grammes  of  creatine  per  day. 

Observation  2. — Four  days’  urine  from  A,  treated  as  usual, 
the  zinc  salt  decomposed  with  lead,  no  charcoal  used. 

There  were  obtained,  creatinine,  1-4532  grammes,  equal  to 
0-3633  grammes  for  twenty-four  hours. 

The  alcoholic  extraction  left  creatine,  P2120  grammes, 
equal  to  0-3030  grammes  for  twenty-four  hours. 

Observation  3. — Two  days’  urine  from  B,  aged  28,  weight 
of  body  72  kilogrammes.  There  were  obtained  two  portions 
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of  chloride  of  zinc  creatinine,  the  second  portion  not  quite 
pure.  It  was,  therefore,  recrystallized,  and,  together  with 
the  first,  dissolved  in  boiling  water.  The  zinc  was  then  pre- 
cipitated by  sulphuretted  hydrogen,  after  a little  ammonia 
had  been  added  to  the  solution.  The  mixture  stood  for 
several  days  to  allow  of  perfect  precipitation  of  the  sulphuret 
of  zinc.  But  when  the  filtrate  was  evaporated,  redissolved, 
and,  after  a new  filtration,  re-evaporated,  there  was  always 
again  sufficient  sulphuret  of  zinc  formed  to  constitute  an 
impurity.  Dining  these  proceedings  it  was  found  that  the 
ammonia  which  had  been  added,  and  which  must  have  formed 
chloride  of  ammonium  with  the  hydrochloric  acid  from  the  zinc 
salt,  was  gradually  driven  out  by  the  creatinine,  and  the  last 
portions  of  it  disappeared  with  the  alcohol  which  evaporated 
from  the  creatinine.  The  hydrochloric  acid  was  removed 
with  oxyde  of  lead  and  charcoal,  the  filtrate  evaporated,  the 
mixture  of  the  residue  obtained  was  separated  by  alcohol,  and 
the  quantities  of  substances  obtained  were  as  follows  : 

2 days’  creatinine  . . . 08182  grammes. 

2 days’  creatine  ....  06185  do. 

The  creatine  contained  yet  a very  slight  amount  of  creati- 
nine; the  figures  for  creatinine  are,  therefore,  somewhat 
below  the  actual  amount,  those  of  creatine  a little  higher. 

1 day’s  creatinine  . . . 04091  grammes. 

1 day’s  creatine  ....  0*3092  do. 

Observation  4. — Five  days’  urine  from  B,  yielded  4- 3 63 
grammes  of  chloride  of  zinc  creatinine  (and  creatine,  as  an 
admixture) . After  having  been  dissolved  in  boiling  water, 
and  made  alkaline  with  ammonia,  a current  of  sulphuretted 
hydrogen  was  passed  through  the  solution  for  several  days  ; 
the  yellowish- white  sulphuret  of  zinc  was  thereby  precipitated. 
The  filtrate  was  boiled  for  a length  of  time  to  drive  the 
ammonia  out  of  its  combination,  it  was  then  evaporated,  and 
the  dried  residue  was  treated  with  alcohol.  There  were 
obtained,  chloride  of  creatinine,  2*4072  grammes,  which  is 
equal  to  2*93  grammes  chloride  of  zinc  creatinine,  which, 
deducted  from  the  above  4*363  grammes  of  zinc  salt,  leaves 
1*433  grammes  for  the  creatine  contained  in  the  zinc  salt  as 
an  admixture. 

The  creatine  obtained  weighed  1*1201  grammes. 

Creatine  calculated  . . . 1*433  grammes. 

Creatine  found  ....  1*1201  do. 


Loss 


0*3129  do. 
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This  loss,  when  distributed  over  the  different  operations,  and 
in  part  accounted  for  by  the  abstraction  of  colouring  matter 
by  the  lead  and  the  charcoal  used  for  the  purpose,  cannot  be 
called  excessive,  though  it  is  still  considerable.  The  experi- 
ment illustrates  the  proportions  between  the  creatine  on  the 
one  hand,  and  the  creatinine  zinc  salt  on  the  other,  contained 
in  the  crystallized  substance  obtained  from  the  urine. 

Secreted  in  five  days,  creatinine  T8322  grammes. 

Do.  do.  creatine  1T201  do. 

Secreted  in  one  day,  creatinine  03664  do. 

Do.  do.  creatine  02240  do. 


Observation  5. — Five  days’  urine  from  B,  yielded  6*7663 
grammes  of  crystallized  substance  (chloride  of  zinc  creatine 
and  creatine  mixed),  washed  and  dried.  From  this  the 
amount  of  creatinine  and  creatine  was  ascertained  by  calcu- 
lation, upon  the  basis  of  the  parts  found  in  the  fourth 
observation. 

If  4*3630  grammes  of  crystallized  zinc  salt  yielded  1*8322 
grammes  of  creatinine,  how  much  would  be  obtained  from 
6*7663  grammes  of  zinc  salt? 


4*3630  : 1*8322  = 6*7663  : x 


1*8322  x 6*7663 
4*3630 


2*8373  grammes 


of  creatinine  secreted  during  five  days. 


4*3630  : 1*1201  (creatine)  = 6*7663  : x 
1*1201  x 6*7763 


4*3630 


1*7370  grammes 


of  creatine  secreted  during  five  days. 

Secreted  in  one  day,  creatinine  0*5674  grammes. 
Do.  do.  creatine  0*3474  do. 


Observation  6. — Five  days’  urine  from  A,  yielded  a quantity 
of  crystallized  zinc  salt,  which  was  washed,  redissolved  in 
boiling  water,  filtered,  evaporated,  and  dried.  When  dry,  it 
was  a powder-like  mass  of  a light-yellow  colour,  a sample  of 
which,  when  burned  on  platinum  foil,  left  pure  oxyde  of  zinc 
on  the  foil.  When  exposed  to  the  air,  it  attracted  very  little 
moisture.  Its  weight,  when  perfectly  dry,  was  4*6324 
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grammes.  The  amount  of  creatinine  and  creatine  was  calcu- 
lated upon  the  basis  of  observation  4. 


4-3630  : 1 8322  = 4*6324  : a? 
1-8322  x 4-6324 


4-3630 

of  creatinine  contained  in  the  zinc  salt. 


= 1-9453  grammes 


4-3630  : 1-1201  = 4 6324  : a? 
1-1201  x 4-6324 


1-1892  grammes 


4-3630 

of  creatine  contained  as  an  admixture  in  the  zinc  salt. 


There  was  a second  portion  of  crystallized  substance  ob- 
tained from  the  mother-liquor.  It  was,  however,  impossible 
to  free  it  from  impurities,  and  it  could,  therefore,  not  he 
approached  by  quantitative  analysis.  The  above  values  are, 
therefore,  only  expressive  of  a minimum,  since  there  was 
certainly  more  creatine  and  creatinine  present  in  the  urine 
than  could  be  obtained  pure. 

The  above  observations  of  the  quantity  of  creatinine  and 
creatine  discharged  by  healthy  individuals  in  a given  time, 
have  been  arranged  in  the  following  tables  : 
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CHAPTER  VI. 

COLOURING  MATTER URiEMATINE. 


In  treating  of  the  colour  of  urine  as  one  of  its  physical 
characters,  we  have  already  made  the  distinction  between  the 
colouring  matter  of  the  urine  proper,  and  those  colouring 
principles  which  are  accidental  admixtures.  Starting  from 
the  probability,  in  support  of  which  we  must  give  a few  facts 
hereafter,  that  the  normal  colouring  principle  of  urine  is  de- 
rived from  the  pigment  of  the  blood  or  haematine,  we  have 
adopted  the  name  of  uraematine ; this  denomination  may  be 
considered  as  corresponding  to  Heller’s  urophseine,  and  to  a 
series  of  terms  which  were  never  generally  introduced,  and 
which  it  will  therefore  not  be  difficult  to  relinquish. 

The  elementary  composition  of  ursematine  is  not  yet  ascer- 
tained, principally  because  no  substance  has  as  yet  been 
found  with  which  it  wrould  combine  in  unvariable  pro- 
portions. But  there  are  certain  tests  at  present  which 
promise  to  lead  ultimately  to  a satisfactory  analysis  of  this 
substance. 

The  principal  physical  property  of  uraematine  is  its  colour. 
In  a pure  and  dry  state  it  is  dark  red;  but  when  dissolved 
in  alcohol  and  ether  it  is  of  a bright  red,  like  port  wine.  To 
the  urine  it  imparts  all  the  varieties  of  colour  with  which 
we  are  acquainted;  its  presence  in  larger  quantities  will 
cause  the  deep  tints,  in  small  quantities  the  light  tints,  of  that 
fluid,  provided  that  the  presence  of  abnormal  pigments  be 
out  of  the  question. 


Chemical  properties. 

Uriematine  combines  with  lime  in  uncertain  proportions, 
and  is  separated  from  this  combination  by  a mixture  of 
alcohol  and  hydrochloric  acid. 
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It  has  a greater  affinity  for  ether  than  for  either  alcohol 
or  water. 

It  is  insoluble  in  nitric,  hydrochloric,  sulphuric,  tartaric, 
and  oxalic  acids ; soluble  in  ammonia,  solutions  of  soda  and 
of  potash,  and  in  chloroform. 

On  combustion  it  leaves  a small  residue,  consisting  exclu- 
sively of  oxyde  of  iron.  By  this  fact  its  relation  to  hsematine 
is  satisfactorilv  established. 

v 

It  adheres  with  remarkable  obstinacy  to  the  salts  of  the 
urine,  and  therefore  Berzelius  applied  to  it  the  name  of 
halophile. 

The  following  is  Scherer’s1  plan  for  isolating  the  uraematine : 

By  adding  a solution  of  basic  acetate  of  lead  to  urine,  a 
precipitate  is  obtained,  which  consists  of  lead,  several  acids  of 
the  urine,  and  a certain  amount  of  colouring  matter.  The 
whole  of  the  colouring  matter  cannot,  however,  be  precipi- 
tated by  the  basic  acetate,  a circumstance  which  leads  to  the 
conclusion,  that  either  the  substance  uraematine  consists  in 
fact  of  two  distinct  bodies,  or  is  decomposed  by  the  influence 
of  the  basic  acetate. 

The  precipitate  of  the  basic  acetate  of  lead,  when  digested  in 
alcohol  acidulated  by  hydrochloric  acid,  yields  lead  to  the 
acid  and  colouring  matter  to  the  alcohol,  which  latter  on 
evaporation  leaves  the  colouring  matter  as  a blackish  mass. 
The  latter  is  freed  from  any  acids  by  careful  washing  with 
water,  in  which  it  is  insoluble.  This  insolubility  shows  that 
the  substance  must  have  undergone  a change  during  the 
several  operations  for  obtaining  it  in  an  isolated  state. 

Another  smaller  quantity  of  colouring  matter  is  precipitated 
by  neutral  acetate  of  lead. 

These  precipitates,  both  with  basic  and  neutral  acetate  of 
lead,  contain  from  6‘25  to  8-83  per  cent,  of  nitrogen,  from 
56  to  66  per  cent,  of  carbon,  and  from  4T0  to  7 ’45  per  cent, 
of  hydrogen. 

These  experiments  of  Scherer  have  been  continued  under 
his  superintendence  by  Dr.  G.  Harley,2  who  found  that  the 
precipitate  of  colouring  matter  with  the  basic  acetate  of  lead 
could  be  separated  into  three  or  four  constituents.  But  none 
of  these  matters  have  been  obtained  either  crystallized,  or  in 
a certain  combination  with  other  known  substances.  They 
may  therefore  be  the  products  of  decomposition,  and  have  at 
present  no  claim  to  be  considered  either  as  normal  ingredients 
of  the  urine  or  as  defined  chemical  entities. 


1 ‘Med.  Gazette,’  1845,  pp.  363,  410. 

2 ‘ Verhandl.  des  Wurzburger  Physic.  Vereins,’  Band  v,  1854. 
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Dr.  Harley’s  method  of  obtaining  ursematine  is  as  fol- 
lows : A large  quantity  of  urine  is  evaporated  to  the  con- 

sistence of  molasses,  the  salts  being  removed  from  the  fluid 
whenever  crystallized.  The  residue  is  then  extracted  by 
alcohol.  The  latter  is  brought  to  a boiling  heat,  when  milk 
of  lime  is  added  until  all  the  colour  has  disappeared.  The 
mixture  is  now  filtered,  when  the  combination  of  uramia- 
tine  with  lime  remains  on  the  filter,  and  is  washed  out  by 
means  of  ether  and  water.  This  compound,  after  having  been 
dried,  is  digested  in  alcohol  acidulated  by  hydrochloric  acid ; 
the  alcoholic  solution  is  filtered  off,  mixed  with  its  volume  of 
ether,  and  put  aside  for  several  days,  during  which  time  it 
must,  however,  be  frequently  shaken,  in  order  to  make  the 
alcohol  yield  as  much  ursematine  to  the  ether  as  possible. 
The  ether  and  alcohol  are  then  separated  by  the  addition  of 
water.  The  etherial  solution,  which  has  a fine  colour  of  red 
wine,  must  now  be  washed  with  water,  in  order  to  free  it  from 
the  traces  of  acid,  salts,  and  resinous  substances  that  may 
be  dissolved  in  it.  This  washing  must  not  be  continued 
too  long,  because  a little  ursematine  is  precipitated  with 
every  fresh  quantity  of  water.  The  substance  so  obtained 
shows  the  properties  above  described. 

It  is  quite  evident  that  such  a method  of  analysis  is  not 
available  for  clinical  purposes,  or  for  quantitative  re- 
searches. And  as  we  have  no  other  direct  chemical  analysis 
for  ursematine  which  would  at  all  come  up  to  the  modern 
requirements  of  chemistry,  the  indications  of  this  ingredient 
of  the  urine  are  not  easily  to  be  determined. 

Happily,  however,  we  possess  a method,  for  which  we 
are  indebted  to  Professor  Vogel,1  which  enables  us  to 
estimate  the  quantity  of  ursematine  present  in  any  urine 
with  a tolerable  degree  of  accuracy,  and  permits  us  to  draw 
valuable  conclusions  regarding  the  diagnosis  and  prognosis  of 
disease,  and  its  therapeutical  indications. 

It  has  been  ascertained  that  a deeply  coloured  urine,  when 
diluted  wfh  various  quantities  of  water,  will  produce  all  the 
lighter  tints  of  more  frequent  occurrence.  From  this  it  was 
reasonable  to  conclude  that  the  various  tints  are  only  dilu- 
tions of  one  and  the  same  description  of  colouring  principle. 
Taking  certain  colours  as  starting  points,  a scale  of  tints  was 
produced  by  mixing  urine  of  the  former  colour  with  its  equal 
volume  of  water.  By  this  a tint  was  produced  which  was  the 
next  fixed  point  in  the  scale,  and  so  on.  These  colours  had 
to  be  expressed  in  material  substances,  for  the  purpose  of 

1 * Archiv  ties  Vereins  fur  gemeinschaftliche  Arbeiten,’  Bd.  i,  p.  137,  1853. 
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procuring  a standard  which  everybody  might  ascertain.  The 
scale  and  its  material  representatives  were  therefore  ar- 
ranged as  follows,  and  as  is  represented  in  the  table  affixed 
to  the  volume  : 

I.  First  Group.  Yellowish  Urines. 

The  colour  is  yellow  (gamboge),  mixed  with  a greater  or 
lesser  amount  of  water.  Starting  with  the  perfectly  colour- 
less urine,  this  group  has  three  gradations  or  nuances  : 

1.  Pale  yellow  (gamboge  with  much  water). 

2.  Light  yellow  (gamboge  with  less  water). 

3.  Yellow  (gamboge  with  very  little  water). 

II.  Second  Group.  Reddish  Urines. 

With  the  yellow  there  is  mixed  a greater  or  lesser  amount 
of  red  (gamboge  with  crimson  lake).  These  mines  are 
generally  termed  “ highly  coloured.”  There  are  again  three 
varieties  of  this  group  : 

4.  Reddish-yellow.  An  admixture  of  some  red  to  the 
prevailing  yellow  (gamboge  with  a little  crimson  lake) . 

5.  Yellowish-red.  The  red  colour  becomes  more  promi- 
nent in  the  yellow  body  of  the  fluid  (gamboge  with  more 
crimson  lake) . 

6.  Red.  The  red  colour  is  prevalent,  but  there  is  still  a 
slight  admixture  of  yellow  (crimson  lake  with  little  gamboge) . 

III.  Third  Group.  Brown  {dark)  Urines. 

The  red  colour  passes  through  brown  to  almost  black  tints 
(gamboge,  crimson  lake,  and  more  or  less  Prussian  blue) . 

7.  Brownish-red.  Red  with  an  admixture  of  a little 
brown. 

8.  Reddish-brown.  There  is  more  of  the  brown  colour 
than  in  the  last. 

9.  Brownish-black.  Almost  black,  but  with  a touch  of 
the  reddish-brown. 

Though  a delicate  eye  may  yet  distinguish  several  varieties 
of  intermediate  colours,  yet  the  nine  tints  just  described  are 
all  that  are  useful  to  be  distinguished  at  the  bedside. 

We  now  come  to  the  determination  of  the  unit  in  the  cor- 
responding varieties  of  urine.  As  the  absolute  quantity  of 
uraematine  is  not  known  which  is  required  in  a given  bulk 
of  urine  to  produce  a certain  colour,  our  unit  must  be  a 
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philosophical  one ; that  is,  it  must  be  comparatively  correct 
to  coincide  with  the  scale  in  such  a manner,  that  every  urine 
of  any  given  colour  of  the  scale,  by  dilution  with  its  equal 
amount  of  water,  may  produce  the  next  following  dilution, 
and  that  the  darkest  urine,  on  being  diluted  the  necessary 
number  of  times,  will  produce  all  the  colours  of  the  scale  in 
succession ; in  other  words,  that  the  gradations  of  the  unit 
are  simple  multiplications  by  two. 

The  unit,  then,  is  the  amount  of  uraematine,  or  colouring 
matter,  contained  in  1000  c.c.  of  the  first  variety,  or  pale- 
yellowish  urine.  This  amount,  no  matter  to  how  much  it  may 
amount  in  real  weight,  is  put  down  as  = 1 . 1 000  c.c.  of  yellow 
urine  (III)  therefore  contain  four  times  as  much  uraematine 
as  1000  c.c.  of  the  first  variety;  and  1000  c.c.  of  yellow  urine 
will  require  three  times  their  own  bulk  of  water  for  becoming 
of  the  pale-yellow  colour  of  variety  1 . The  following  table  is 
intended  to  represent  these  relations  more  perspicuously  : 


I. 

II. 

III. 

IV. 

V. 

VI. 

VII. 

VIII. 

IX. 

1 

2 

4 

8 

16 

32 

64 

128 

256 

Pale  yellow  = I. 

1 

2 

4 

8 

16 

32 

64 

128 

Light  yellow  = II. 

1 

2 

4 

8 

16 

32 

64 

Yellow  = III. 

1 

2 

4 

8 

16 

32 

Reddish-yellow  = IV. 

1 

2 

4 

8 

16 

Yellowish-red  = V. 

1 

2 

4 

8 

Red  = VI. 

1 

2 

4 

Brownish-red  =VII. 

1 

2 

Reddish-brown  = VIII. 

1 

Brownish-black  = IX. 

This  table  shows  how  much  uraematine  is  contained  in 
equal  parts  of  urine  of  different  colours.  To  illustrate  it  with 
another  example;  if  a certain  volume  of  pale-yellow  urine 
contains  1 part  of  uraematine,  the  same  volume  of  reddish- 
yellow  urine  contains  8 parts,  and  the  same  volume  of 
reddish-brown  urine  128  parts  of  uraematine.  One  volume 
of  yellow  urine,  on  the  other  hand,  contains  just  as  much 
colouring  matter  as  4 volumes  of  pale  yellow ; 1 volume  of 
red  urine  the  same  quantity  as  4 volumes  of  reddish-yellow 
urine.  If,  therefore,  an  individual  discharge  1000  c.c.  urine 
of  yellow  colour  in  twenty-four  hours,  and  another,  during 
the"  same  period  of  time,  4000  c.c.  of  pale-yellow  urine,  both 
discharge  equal  quantities  of  uraematine  during  the  same  time. 
And  if  an  individual  discharge  any  number  of  c.c.  of  urine 
of  a certain  colour  during  a given  time,  the  amount  of  colour- 
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ing  matter  thereby  discharged  is  ascertained  by  simple 
equation.  For  example,  in  twenty-four  hours  there  were 
discharged  1800  c.c.  of  urine  of  yellow  colour;  1000  c.c. 
contain  4 parts,  how  much  do  1800  contain  ? 

1000  : 4 = 1800  : x 

x = 7 2 = the  amount  of  urae- 
matine  contained  in  1800  c.c.  of  yellow  urine. 

In  order  to  obtain  uniform  results  by  this  method,  it  is 
essential  that  the  urine  be  absolutely  clear.  It  has,  there- 
fore, to  be  filtered  in  most  instances.  Its  colour  must  be 
ascertained  by  transmitted  light,  and  for  this  purpose  the 
body  of  urine  should  be  of  a diameter  of  not  less  than  four  or 
five  inches. 

Several  objections  have  been  raised  against  this  method, 
which  have  been  answered  satisfactorily  by  its  originator.  It 
is  quite  clear  that  in  cases  where  the  colour  of  the  urine 
depends  on  any  other  substance  than  uraematine,  it  would  give 
erroneous  results.  But  these  cases  can,  in  the  first  instance, 
easily  be  detected  by  the  tests  given  when  treating  of  the 
colour  of  urine ; and,  in  the  second  instance,  they  are  of  rare 
occurrence  as  compared  with  the  great  number  of  instances 
in  which  the  urine  is  coloured  by  the  ordinary  uraematine 
only. 

In  some  rare  cases  the  urine  on  dilution  will  not  yield  the 
colours  which  would  correspond  to  the  scale.  In  these  cases 
it  may  be  doubtful  whether  a red  urine  contains  3.2  times,  or  a 
brownish-red  urine  64  times  the  amount  of  uraematine  con- 
tained in  the  same  quantity  of  pale-yellow  urine.  It  may 
well  be  admitted  that  modifications  of  the  uraematine  occur, 
which  have  a different  colouring  power  from  that  of  the 
ordinary  substance.  Admitting  all  this,  we  may  still  coincide 
with  Vogel  in  the  opinion  that,  for  approximative  determina- 
tions of  the  quantity  of  uraematine  discharged  in  a given 
time,  the  method  is  useful.  An  error  is  not  so  dangerous,  if 
we  know  the  extent  to  which  it  can  be  committed,  and  the 
sources  from  which  it  may  arise.  Of  the  sources  we  have 
spoken ; we  can  say  less  of  the  extent,  as  we  do  not  know  to 
what  quantity  of  uraematine  a certain  colour  corresponds. 
The  highest  amount  of  error  to  which,  in  the  opinion  of 
Vogel,  his  method  might  be  liable,  is  one  third  or  one  fourth 
of  the  figures  found.  Fluctuations,  therefore,  within  these 
limits  might  be  left  out  of  the  question ; but  when  they 
surmount  certain  boundaries,  they  may  with  safety  be  used 
for  the  comparison  of  the  quantity  of  uraematine  contained 
in  two  different  descriptions  of  urine.  Thus,  if  the  quantity 
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of  uraematine  which  is  discharged  in  the  urine  by  a healthy 
individual  in  twenty-four  hours  amounts  to  4,  and  we  find  that 
in  the  urine  of  a patient,  for  twenty-four  hours,  it  amounts 
to  16  or  20,  there  can  be  no  doubt  that  the  quantity  of 
uraematine  discharged  by  the  latter  is  double  or  three  times 
the  amount  of  that  discharged  in  the  same  time  by  the 
healthy  individual.  If,  on  the  other  hand,  we  find  in  the 
urine  of  a patient  the  amount  of  uraematine  to  be  1 for 
twenty-four  hours,  its  quantity  is  clearly  diminished.  If, 
however,  we  find  3 5,  or  4-5,  as  the  amount  of  uraematine  in 
the  urine  of  a sick  person,  we  could  not  say  with  certainty 
whether  the  amount  of  uraematine  was  diminished  or  in- 
creased in  this  case. 

Physiology  of  Uraematine. 

It  is  very  probable  that  a number  of  blood-corpuscles  are 
constantly  undergoing  the  process  of  disintegration  in  the 
blood,  and  that  the  liaematine  which  is  thus  set  free,  however 
changed  from  its  original  character,  finds  its  way  out  of  the 
body  in  the  form  of  colouring  matter  of  bile  (cholaematine) 
and  uraematine.  We  know  the  indestructible  nature  of  haema- 
tine,  how  obstinately  it  retains  its  colour  under  the  most  varied 
circumstances,  whether  in  extravasations  within  the  body,  or 
during  artificial  or  natural  processes  of  decomposition  out  of 
the  body.  We  know,  moreover,  that  the  changes  of  colour 
which  liaematine  undergoes  under  certain  circumstances  in 
the  body — for  example,  when  effused  into  a bruise  under  the 
skin  or  epidermis — correspond  with  the  destructive  changes  in 
the  blood ; so  that  liaematine  thus  effused  will  go  through  all 
the  stages  of  colour  from  red  to  green,  yellow,  and  pale  yellow — 
the  colours  which  are  found  in  the  cholaematine  and  uraematine. 
From  this  property  of  retaining  its  colour  under  the  most  varied 
circumstances,  it  is  highly  improbable  that  liaematine,  after 
having  served  the  economy,  should  leave  the  body  as  a colour- 
less substance.  And  if  it,  therefore,  is  probable  that  effete 
liaematine  is  discharged  as  a coloured  substance,  the  only 
excreta  which  are  coloured,  namely,  faeces  and  urine,  most 
probably  owe  their  colour  to  effete  liaematine.  If  we,  more- 
over, take  into  consideration  that  the  purest  uraematine 
always  contains  some  iron  in  chemical  combination,  it  can 
scarcely  be  doubted  that  it  is  the  offspring  of  the  colouring 
matter  of  the  blood-corpuscles. 

The  quantity  of  uraematine  which,  according  to  Vogel,  is 
discharged  by  an  adult  healthy  person  in  twenty-four  hours, 
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amounts  to  from  3 to  6 of  the  above  units,  and,  on  an 
average,  to  about  4-8,  which,  calculated  upon  the  hour, 
gives  02. 


Quantity  of  Urcematine  in  Disease. — Pathological  Indications. 

According  to  the  observations  of  Professor  V ogel,  which 
may  be  verified  by  daily  observation  at  the  bedside,  the  amount 
of  uraematine  discharged  during  acute  febrile  diseases  is  con- 
siderably increased,  and,  notwithstanding  a considerable 
decrease  in  the  total  quantity  of  urine,  amounts  to  16,  20,  and 
more.  This  amount  becomes  even  much  higher  in  typhoid 
and  septical  fevers,  which  are  combined  with  dissolution  of  the 
blood.  In  accordance  with  this  we  observe,  that  in  the  course 
of  all  these  diseases  the  amount  of  blood-corpuscles  in  the 
blood  becomes  so  considerably  diminished  as  to  cause  an 
anaemic,  or  better  oligocythaemic,  condition.  In  a number  of 
pneumonic  patients  the  daily  amount  of  uraematine  fluctuated 
during  the  acme  of  the  disease  between  16  and  24.  During 
the  acme  of  a case  of  acute  rheumatism  it  was  30  to  32.  In 
a case  of  typhus  in  a man  it  was  for  some  days  80  to  100. 
In  a case  of  lead  colic  I found  it  64  for  three  days.  In  a 
case  of  scarlatinous  nephritis  I found  it  on  two  occasions 
256  for  twenty-four  hours. 

In  cases  where  the  disintegration  of  the  blood- corpuscles 
is  diminished,  as  in  chlorosis  and  anaemia,  in  hysterical  and 
nervous  diseases,  and  in  the  convalescence  from  severe 
diseases,  the  quantity  of  uraematine  discharged  during  a given 
time  is  generally  diminished.  In  these  cases  the  condition 
of  the  urine  affords  valuable  therapeutic  indications,  as  point- 
ing to  the  exhibition  of  tonics,  in  particular  iron. 

In  chlorotic  patients  the  daily  quantity  of  uraematine  is 
frequently  below  1 ; in  the  convalescence  from  severe  diseases 
it  is  frequently,  for  some  length  of  time,  not  above  1 or  2 
(Vogel).  In  a case  of  ovarian  tumour  I found  it  below  1 
( vide  p.  75).  This  urine  resembles  that  of  young  children 
who  are  growing  fast,  but  has  of  course  a different  signifi- 
cance. 
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Composition. 


Symbol : H. 

Composition  in  100  parts  : 


Carbon  . 

. . 60-335 

Hydrogen  . 

. . 4-469 

Nitrogen  . 

. . 7-821 

Oxygen. 

. . 22-347 

Water  . 

. . 5-028 

100000 

From  this  composition  the  following  formula  is  derived : 
C18H8N05  + HO,  or  C18H9N06. 


History  and  Literature. 

Rouelle  (1784),  Fourcroy  and  Vauquelin  (1799)  f Journ.  d. 
Pharm./  von  S.  B.  Trommsdorff,  v,  p.  197 ; vii,  p.  199, 
found  it  in  the  urine  of  graminivorous  animals,  but  mistook 
it  for  benzoic  acid. 

Scheele,  Fourcroy,  and  Reynard  demonstrated  its  existence 
in  the  mane  of  young  infants. 

Proust,  ‘ Ann.  de  Chim.  et  de  Phys./  xiv,  260  (1820), 
found  it  as  benzoic  acid  in  the  distillate  from  putrid  urine. 

Liebig,  ‘ Poggend.  Ann./  xvii,  p.  389  (1830),  demonstrated 
hippuric  acid  to  be  a peculiar  substance,  distinct  from  benzoic 
acid,  with  which  it  had  been  confounded. 

Ure,  ‘ Med.-Chir.  Transact./  vol.  xxiv,  and  Keller,  fAnn. 
d.  Chem.  und  Pharm./  xliii,  p.  198,  proved  that  benzoic  acid 
is  transformed  in  the  body  into  hippuric  acid. 

Liebig,  f Ann.  d.  Chem.  und  Pharm./  1,  p.  161,  proved  its 
existence  as  a normal  ingredient  in  the  urine  of  man. 

Dessaignes,  ‘ Compt.  rend./  xxi,  p.  1224,  found  that  gly- 
cocoll  combines  with  benzoic  acid  to  form  hippuric  acid. 

In  the  course  of  his  researches  on  putrefied  urine,  Proust 
made  the  observation  that  during  the  distillation  of  such 
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urine,  to  which  some  sulphuric  or  hydrochloric  acid  had  been 
added,  acetic  acid  and  benzoic  acid  were  evolved,  the  latter  of 
which  was  deposited  in  crystals  in  the  neck  of  the  retort. 
Liebig,  in  repeating  these  experiments,  found  that  after 
neutralization  of  the  acetic  acid  so  obtained  by  the  addition 
of  oxyde  of  lead,  there  was  formed  in  the  fluid  a considerable 
amount  of  a white  precipitate,  which  consisted  of  pure 
benzoate  of  lead.  The  presence  of  benzoic  acid  in  putrefied 
urine  could,  moreover,  be  proved  by  concentrating  the  urine, 
adding  some  sulphuric  acid,  and  letting  it  stand  for  several 
days,  after  the  lapse  of  which  benzoic  acid  was  found  to  have 
formed  in  brown  glistening  scales.  No  urine  which  was 
subjected  to  this  test  by  Liebig  during  a period  of  three 
months  was  found  to  be  void  of  this  acid. 

There  could  be  no  doubt  that  benzoic  acid  was  not  con- 
tained as  such  in  the  fresh  urine,  inasmuch  as  it  had  been 
proved  to  certainty  by  the  experiments  of  Ure  and  Keller, 
that  crystallized  benzoic  acid  is  transformed  in  the 
hippuric  acid,  and  appears  in  the  urine  as  hippurate  of  soda. 
As  it  was  furthermore  known  that  the  hippuric  acid  in  the 
urine  of  graminivorous  animals  is  decomposed  dining  the 
putrefaction  of  this  urine,  and  that  benzoic  acid  is  one  of  the 
products  of  that  decomposition,  it  was  to  be  supposed  with 
certainty  that  the  benzoic  acid  discovered  in  the  putrefied 
urine  of  man  had  the  same  origin,  and  in  the  fresh  urine  was 
present  in  the  form  of  hippuric  acid.  On  a closer  examination, 
Liebig  found  this  to  be  the  fact.  All  urine  of  individuals 
taking  mixed  food  was  found  to  contain  hippuric  acid  in  about 
equal  proportions  with  uric  acid. 


body  into 


Occurrence  and  Methods  of  obtaining  it  pure. 

Hippuric  acid  is  a regular  ingredient  of  the  urine  of  man1 
and  the  graminivorous  animals — the  horse,  (from  which  it 
derives  its  name)  horned  cattle,  camels,2  and  elephants.  It 
is  found  in  guano,3 4  as  hippurate  of  ammonia,  and  has  been 
observed  in  the  excreta  of  a tortoise  ( Testudo  Graced) , and  in 
the  excreta  of  the  larvae  of  butterflies,  and  of  butterflies  them- 
selves.4, It  has  been  found  in  the  blood  of  calves  and  oxen 
by  Yerdeil  and  Dollfus.5  It  is  absent  from  the  urine  of 

1 Liebig,  ‘ Ann.  d.  Pharm.,’  xxxvii,  p.  82. 

2 Schwarz,  ibid.,  liv,  p.  31. 

3 Marchand,  ‘ N.  Journ.  d.  Pharm.,’  vii,  p.  134. 

4 T.  Davy,  ‘ Edinb.  New  Philos.  Journ.,’  xlv,  p.  17. 

5 ‘ Ann.  d.  Chem.  und  Pharm.,’  Ixxiv,  p.  215  ; also  Lehmann’s  ‘ Physiolog.  Che- 
mistry,’ Cavend.  Soc.  Edit.,  vol.  ii,  p.  212. 
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animals  exclusively  carnivorous.  It  may,  however,  he  made 
to  appear  in  their  urine  by  giving  them,  with  their  food,  hip- 
puric  acid,  or  any  substance  capable  of  forming  it.  When 
Schwarz1  had  given  to  a dog  some  hippuric  acid,  it  made  its 
reappearance  in  the  urine.  Buchheim2  found  that  when  free 
hippuric  acid,  hippurate  of  soda,  or  acid  liippurate  of  am- 
monia were  taken,  a quantity  of  hippuric  acid  was  obtained 
from  the  urine,  which  was  so  large  that  scarcely  any  acid 
could  have  been  lost  in  its  passage  through  the  organism. 

The  amount  of  hippuric  acid  in  the  urine  may  be  con- 
siderably increased  by  the  ingestion  with  the  food  of  benzoic 
or  cinnamic  acids,  or  essential  oil  of  bitter  almonds.  Any 
amount  up  to  10  grammes  of  benzoic  acid,  whether  taken  as 
such,  or  in  combination  with  bases,  soda,  ammonia,  magnesia, 
iron,  will  in  the  course  of  a -few  hours  or  over  night,  appear 
in  the  urine  as  hippuric  acid.  The  hippuric  acid  in  each 
case  corresponds  in  quantity  to  that  of  the  benzoic  aeid  taken 
(Buchheim).  Dr.  Garrod3  obtained,  however,  only  15  to  29 
grains  of  hippuric  acid,  after  having  taken  from  20  to  30 
grains  of  benzoic  acid.  Marchand4  obtained  39-2  grains  of 
hippuric  acid  from  the  urine  after  having  taken  30 '0  grains 
of  benzoic  acid.  The  consumption  of  a large  amount  of 
fruit,  such  as  apples  (Pettenkofer)  or  plums  {Prune  Claude, 
Prunus  domestica  chlorocarpa,  Duchek),  will  cause  a con- 
siderable quantity  of  hippuric  acid  to  appear  in  the  urine. 
Duchek5  examined  the  greengage,  and  found  benzoic  acid  in 
it,  but  not  in  sufficient  quantity  to  account  for  the  whole  of 
the  hippuric  acid  found  in  the  urine  after  the  use  of  a certain 
quantity  of  that  fruit.  He  accordingly  is  of  opinion  that  the 
greengage  might  contain  some  other  compound  of  benzoyle 
capable  of  being  transformed  into  hippuric  acid.  Duchek 
did  not  find  hippuric  acid  to  be  a constant  constituent  of 
human  urine,  lioefle6  could  never  find  it  in  his  urine. 

Pathologically  an  increased  amount  of  hippuric  acid  is  met 
with  in  the  acid  urine  of  fever-patients  (Lehmann),  in  the 
urine  of  diabetic  patients  (Lehmann’s7  and  Hiinefeld’s8  ob- 
servations both  confirmed  by  Duchek).  In  one  instance 
hippuric  acid  was  observed  in  the  scales  from  ichthyosis 

1 Loc.  cit.,  p.  32. 

2 ‘ Archiv  fur  Physiol.  Heilk.,’  1857,  vol.  i,  p.  122. 

3 ‘ Philos.  Magaz  ,’  xx,  p.  501. 

4 * Journ.  of  Pract.  Chem.,’  xxxv,  p.  309. 

5 ‘ Prager  Vierteljahrschrift,’  1854,  vol.  iii,  p.  25.  See  also  the  ‘ Lancet,’  July 
26,  1856,  p.  1 14. 

6 ‘ Chemie  und  Microscop  am  Krankenbette.’ 

7 ‘Journ.  d.  Pract.  Chem.,’  vi,  p.  112. 

8 Ibid.,  viii,  p 552. 
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(Sclilossberger) . Sometimes  it  occurs  together  with  uric 
acid  as  a sediment. 

By  the  following  method  hippuric  acid  can  be  obtained 
from  comparatively  small  quantities  of  fresh  human  urine  : 

Fresh  urine  is  evaporated  in  the  water-bath  to  a syrupy 
consistence,  and,  after  the  addition  of  some  hydrochloric  acid, 
is  shaken  with  its  equal  volume  of  ether,  which  dissolves  the 
hippuric  acid.  In  most  cases  the  mixture  does  not  separate, 
because  the  ether  is  inclosed  by  the  fluid  in  a sort  of  lather ; 
but  the  separation  of  the  ether  takes  place  immediately,  if, 
after  the  mixture  has  stood  for  an  hour,  one  twentieth  of  its 
volume  of  alcohol  be  added.  In  that  case  the  lather  dis- 
appears and  the  fluid  separates  into  two  layers,  of  which  the 
upper  and  lighter  one  contains  the  hippuric  acid ; but,  at 
the  same  time,  there  is  some  urea  dissolved  in  it,  by  means  of 
the  alcohol  which  has  been  added.  This  layer  is  now  carefully 
removed  by  means  of  a pipette  and  shaken  with  small  portions 
of  water ; the  alcohol  and  urea  combine  with  the  water,  and 
the  hippuric  acid  alone  remains  dissolved  in  the  ether.  By 
evaporation  it  is  obtained  in  crystals,  which  generally  are 
of  a yellowish  or  brown  colour,  from  a resinous  substance, 
which  may  be  easily  and  perfectly  removed  by  animal  char- 
coal. 

From  the  urine  of  horses  or  cows  the  acid  may  sometimes 
be  obtained  in  the  form  of  a yellowish-brown  powder,  by  the 
addition  of  hydrochloric  acid.  It  is,  however,  preferable  to 
concentrate  the  urine  to  one  sixth  or  one  eighth  of  its  original 
volume  before  adding  hydrochloric  acid.  The  hippuric  acid 
thereby  obtained  is  very  much  coloured.  It  is  therefore  ad- 
visable to  remove  as  much  colouring  matter  as  possible  from 
the  urine  before  concentration.  For  this  purpose  it  is  mixed 
with  an  excess  of  milk  of  lime,  and  boiled  for  some  minutes ; 
the  decanted  fluid  is  evaporated  to  one  sixth  or  one  twelfth  of 
its  volume,  and  after  cooling  mixed  with  an  excess  of  hydro- 
chloric acid.  After  the  lapse  of  about  twelve  hours  the  crys- 
tallization of  hippuric  acid  is  completed. 

The  crystals  so  obtained  have  yet  a brownish  colour  and 
a disagreeable  urinous  odour,  which  must  be  removed  by 
a purifying  process.  The  solution  in  water  is  hoiled  with 
some  caustic  lime  and  Altered;  to  the  filtrate  chloride  of 
lime  is  added  until  the  urinous  odour  has  disappeared ; 
animal  charcoal  is  now  mixed  with  the  fluid  until  the  filtrate 
is  colourless;  the  filtrate  is  mixed  with  hydrochloric  acid, 
and,  on  cooling,  deposits  hippuric  acid  perfectly  white  and  pure 
(Liebig).  In  this  proceeding  some  hippuric  acid  is  perhaps 
transformed  into  benzoic  acid,  and  therefore  some  chemists 
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prefer  the  following  proceeding,  by  Benscli.1  The  impure 
acid  is  mixed  with  ten  parts  of  boiling  water  and  an  excess  of 
milk  of  lime ; the  fluid  is  decanted,  and  the  deposit  pressed 
in  a bag  of  calico ; the  united  solutions  are  now  treated  with 
solution  of  alum  until  the  alkaline  reaction  has  disappeared, 
cooled  down  to  104°  F.  (40°  C.),  treated  with  solution  of  car- 
bonate of  soda  as  long  as  a precipitate  is  being  produced,  and 
again  freed  from  the  deposit  by  decantation  and  filtration 
through  calico  by  the  aid  of  pressure.  From  this  solution 
hippuric  acid  is  precipitated  by  means  of  hydrochloric  acid. 
The  precipitate,  after  washing  with  water,  is  pressed,  dis- 
solved in  boiling  water,  and  the  solution  treated  with  one 
part  of  animal  charcoal  upon  sixteen  parts  of  hippuric  acid ; 
and,  after  filtration  through  paper  when  boiling  hot,  is  allowed 
to  crystallize. 


Physical  properties. 

Pure  hippuric  acid,  prepared  from  human  or  animal  urine, 
appears  in  long,  glistening,  transparent  prisms,  four-sided 
parallel  to  the  longest  axis,  the  ends  acuminated  by  two  or 
four  planes,  being  planes  of  prisms  parallel  to  the  brachy- 
and  macro-diagonal.  The  primary  form  is  a vertical  rhom- 
bic prism,  whose  planes  are  inclined  at  an  angle  of  94°  50'. 
The  planes  of  the  bracliy-diagonal  (horizontal)  prism  are 
inclined  at  an  angle  of  94°  50/  those  of  the  macro-diagonal 
(also  horizontal)  prism  at  an  angle  of  85°  14.'2.  Some  micro- 
scopical crystals  from  human  urine  are  represented  on  PI.  II, 
fig.  4. 

Chemical  properties. 

This  acid  is  destitute  of  odour,  and  is  of  a bitterish  taste. 
It  requires  for  solution  GOO  parts  of  water  32°  F.  (0°  C.)  tem- 
perature, and  400  parts  of  water  at  the  ordinary  temperature 
of  the  air ; but  is  much  more  soluble  in  hot  and  boiling  water 
and  in  alcohol.  Its  solubility  in  ether  is  somewhat  less  than 
in  alcohol.  The  solutions  redden  litmus  paper. 

Decompositions. 

Hippuric  acid  is  not  volatile  at  the  temperature  at  which 
benzoic  acid  sublimes.  At  a higher  temperature  it  deliquesces, 
forming  a brownish- red  liquid,  which  on  cooling  becomes 

1 ‘ Ann.  d.  Cliem.  und  Pliann.,’  lviii,  p.  267. 

7 Gorup-Besanez,  loc.  cit.,  p.  i 0 1 . 
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a milk-white  crystalline  mass.  By  dry  distillation  it  yields 
a red  oil_,  which  has  the  odour  of  the  Tonka  bean  (“  the  pride 
and  flower  of  the  snuff-box”) , ammonia,  and  benzoic  acid 
(the  latter  two,  perhaps,  in  part  as  benzoate  of  ammonia) 
and  a large  residue  of  charcoal.  Sometimes  the  acid  before 
charring  evolves  a cyanogen  compound,  having  the  odour  of 
hydrocyanic  acid.  If  the  temperature  during  dry  distillation 
be  not  raised  above  482°  F.  (250°  C.),  benzoic  acid  is  obtained, 
slightly  reddened,  a trace  of  hydrocyanic  acid,  and  benzo- 
nitrile  is  collected  in  the  receiver. 

Ilippuric  acid  is  soluble  in  warm  nitric  acid,  and  hot 
hydrochloric  acid,  and  from  both  solutions  crystallizes  on 
cooling;  but  when  boiled  for  some  time  in  either  of  these 
solutions  it  undergoes  a decomposition,  by  which  benzoic 
acid  crystallizes  out  of  the  solution  on  cooling.  Combined 
with  the  nitric  acid  there  remains  glycine,  or  glycocoll,  or 
sugar  of  gelatine.  This  decomposition  may  also  be  produced 
by  sulphuric  and  oxalic  acids,  and  by  boiling  with  caustic 
soda  or  potash.  From  this  mode  of  decomposition  Des- 
saignes  concluded  that  hippuric  acid  was  a combination  of 
benzoic  acid  and  glycine,  and  that  by  the  artificial  combina- 
tion of  these  two  bodies  hippuric  acid  might  be  produced. 
He  succeeded  in  producing  hippuric  acid  by  exposing  a 
combination  of  glycine  with  oxyde  of  zinc  to  the  influence  of 
clilorine-benzoyle. 

Under  the  influence  of  a ferment,  in  the  presence  of  an 
alkali,  hippuric  acid  undergoes  the  same  decomposition  into 
benzoic  acid  and  glycocoll.1  The  disintegration  of  hippuric 
acid  in  putrefying  urine  is  thus  satisfactorily  explained. 

Hippuric  acid  is  the  amide  of  a new  acid,  benzoglycolic 
acid,2  which  is  free  from  nitrogen,  and  has  the  composition 
CiA08.  It  is  formed  when  hippuric  acid  is  acted  on  by 
hyponitrous  acid,  and  is  obtained  by  conducting  a current  of 
oxyde  of  nitrogen  through  a solution  of  hippuric  acid  in  nitric 
acid. 

C18H9N06  + N03  = CI8H808  + 2N  + HO. 

Hippuric  acid.  Benzoglycolic  acid. 

Benzoglycolic  acid  crystallizes  from  the  solution  in  colour- 
less prisms,  which  are  easily  soluble  in  alcohol  and  ether,  but 
sparingly  soluble  in  water.  It  forms  neutral  salts  with  one 
equivalent  of  base,  which  are  mostly  crystallizable.  The  lime- 
salt,  CaO,  C18II707,  crystallizes  in  colourless  needles,  and  has 
a tendency  to  form  oversaturated  solutions. 

1 Buchner,  ‘ Ann.  d.  Chem.  und  Pharm.’  lxxviii,  p.  203. 

2 Socoloff  and  Strecker,  ‘Ann.  d.  Chem.  und  Pharm.,’  lxxx,  p.  17. 
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When  benzoglycolic 


acid  is  treated  with  dilute  acids  it  is 
decomposed  to  benzoic  and  glycolic  acid  after  the  formula 


C18H808  + 2HO  = CuHA  + QjHA. 

Benzoglycolic  acid.  Benzoic  acid.  Glycolic  acid. 

This  decomposition  explains  why  hippuric  acid,  although  it 
be  the  amide  of  benzoglycolic  acid,  does  not  yield  that  acid 
and  ammonia  when  boiled  with  acids,  but  benzoic  acid  and 
glycocoll.  The  benzoglycolic  acid  is  at  first  formed  along 
with  ammonia,  but  is  immediately  decomposed  into  benzoic 
and  glycolic  acid,  and  the-  latter,  with  the  ammonia,  forms 
its  amide,  glycocoll,  and  water. 

Hippuric  acid,  when  treated  with  oxydizing  agents,1  e.  g.y 
peroxyde  of  lead  in  water,  yields  benzamide,  carbonic  acid, 
and  water,  according  to  the  following  formula. 

C]8H9N06  = C14H7M)2  + 4CO.,  + 2HO. 

Hippuric  acid.  Benzamide. 


Compounds  of  Hippuric  Acid. 

Nitrohippuric  acid ? C18H8N2O10. — To  a solution  of  hippuric 
acid  in  cold  fuming  nitric  acid,  an  equal  volume  of  oil  of 
vitriol  is  gradually  added,  care  being  taken  not  to  let  the 
mixtime  get  hot.  After  two  hours  the  reaction  is  completed. 
The  fluid  is  now  mixed  with  three  times  its  volume  of  water, 
being  continually  kept  at  a low  temperature.  The  mixture, 
after  twelve  hours,  has  deposited  about  one  half  of  the  hip- 
puric acid  employed  in  the  form  of  nitrohippuric  acid  in 
needle-shaped  crystals.  The  mother-liquor,  when  neutralized 
by  carbonate  of  soda  until  it  begins  to  get  turbid,  deposits 
another  quantity  of  the  acid.  The  impure  acid  is  washed 
with  cold  water,  combined  with  lime,  and  the  solution  of  the 
lime-salt  in  lukewarm  water  is  precipitated  by  hydrochloric 
acid. 

Nitrobenzoic  acid  may  be  taken  internally,  in  quantities 
amounting  to  6 grammes  per  diem,  without  injury  to  the 
system.  It  reappears  as  nitrohippuric  acid  in  the  urine,  from 
which  it  may  be  obtained  by  the  following  proceeding.  The 
acid  urine  is  evaporated  to  a small  bulk.  It  remains  clear  on 
the  addition  of  hydrochloric  acid;  the  fluid  is  now  shaken 

1 Fehling,  ‘Ann.  d.  Chem.  und  Pharm.,’  xxviii,  p.  48. 

- Bertagnini,  ‘ Compt.  Rend.,’  xxxi,  p.  490. 
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with  ether  and  some  alcohol,  which  take  up  nitrohippuric 
acid,  and,  on  spontaneous  evaporation,  deposit  it  in  brown 
warty  crystals,  which,  when  removed  from  the  mother-liquor, 
dried  on  a brick,  and  recrystallized  from  hot  water,  appear  as 
brownish  needles.  When  boiled  for  five  minutes  with  excess 
of  milk  of  lime,  colouring  matter  is  removed,  and  the  filtrate, 
on  decomposition  by  hydrochloric  acid,  yields  pure  nitro- 
hippuric acid,  which  is  obtained  in  fine  crystals  by  recrystal- 
lization from  hot  water. 


Hippuric  Acid  Salts — Hippurates. 

The  alkaline  and  earthy  hippurates  are  soluble  in  water. 
Hippurate  of  soda  seems  to  be  a combination  which  occurs  in 
human  urine.  But  as  hippuric  acid  in  human  urine,  when 
present  in  larger  quantities,  crystallizes  on  simple  evapora- 
tion on  the  surface  of  the  fluid,  there  is,  h priori,  great  pro- 
bability that  it  may  also  be  present  in  a free  state.  But  as 
it  cannot  easily  have  existed  as  such  in  the  blood,  an  ex- 
planation would  be  required  of  the  agency  by  which,  in  the 
moment  of  secretion,  or  afterwards,  it  was  deprived  of  its 
base.  This  must  at  present  remain  a subject  for  future 
inquiry.  In  the  urine  of  the  horse  hippuric  acid  is  com- 
bined with  lime.  Metallic  hippurates  are  sparingly  soluble. 
All  hippurates  yield  their  bases  to  hydrochloric  acid,  hippuric 
acid  crystallizing  from  the  solution  in  delicate  silky  needles. 

The  hippurates  may  be  basic,  neutral,  or  acid  salts;  that 
is,  containing  either  one  half,  or  one  or  two  equivalents  of 
acid  to  one  of  base. 

Hippurate  of  baryta , neutral.  C18BaH8N 06  -f-  HO  (crys- 
tals) . — By  dissolving  hippuric  acid  in  excess  of  baryta  water, 
and  precipitating  the  excess  of  baryta  by  a current  of  car- 
bonic acid,  or  by  boiling  an  excess  of  carbonate  of  baryta  in 
a solution  of  hippuric  acid,  a solution  of  neutral  hippurate  of 
baryta  is  obtained  after  filtration,  which  on  evaporation  yields 
the  salt  in  crusts,  consisting  of  microscopic  quadratic  prisms. 

Hippurate  of  lime.  C18CaH8N06  + 3 HO. — By  boiling  an 
excess  of  carbonate  of  lime  in  a solution  of  hippuric  acid,  a 
filtrate  is  obtained,  which  on  evaporation  deposits  this  salt  in 
rhombic  prisms,  or  glistening  scales.  It  is  also  obtained  by 
boiling  a solution  of  hippuric  acid  with  excess  of  milk  of  lime, 
filtering,  and  passing  a current  of  carbonic  acid  gas  through 
the  solution.  The  filtrate  contains  the  salt.  This  compound 
is  said  to  occur  in  the  urine  of  the  horse  and  cow.  It  is 
soluble  in  18  parts  of  cold,  and  6 parts  of  boiling  water. 
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Hippurate  of  lead,  neutral,  ClsIffiH8NOG-f-  3H0,  is  obtained 
by  mixing  the  hot  solution  of  an  hippurate  with  solution  of 
acetate  of  lead  ; on  cooling  the  salt  is  deposited  in  laminae  of 
the  lustre  of  mother  of  pearl.  If  cold  solutions  of  lead  and 
hippurate  are  mixed,  the  salt  precipitates  at  once  in  cheesy 
flakes,  which  are  with  difficulty  soluble  in  boiling  water.  The 
precipitate  may  be  washed  on  a filter,  dissolved  in  boiling 
water,  and  after  filtration  while  boiling  hot,  on  a funnel,  kept 
hot,  is  obtained  from  the  cooling  solution  in  silky  groups  of 
fine  needles.  These  needles  contain  only  two  equivalents  of 
water  of  crystallization,  but  frequently  transform  into  the  salt 
■with  three  equivalents  of  water,  by  suddenly  taking  up  one 
equivalent  of  water  under  circumstances  not  yet  accurately 
known.  A basic  hippurate  of  lead  is  obtained  by  boiling 
hydrated  oxide  of  lead  in  a solution  of  hippuric  acid. 

Hippurate  of  iron. — The  soluble  hippurates  cause  a rusty 
brown  precipitate  in  salts  of  the  oxyde  of  iron.  Neutral 
sesqui-chloride  of  iron  produces  a light  isabell  yellow  volu- 
minous precipitate  in  a cold  solution  of  hippurate  of  potash, 
which  in  hot  water,  or  by  drying  at  a temperature  of  30°  C., 
looses  water,  and  forms  a brown  mass  like  Canada  balsam.  It 
is  insoluble  in  water,  easily  soluble  in  spirits  of  wine,  par- 
ticularly in  hot  spirits,  and  from  the  solution  separates  on 
cooling,  partly  in  amorphous  masses,  partly  in  groups  of  red 
oblique  rhombic  prisms. 

The  salts  with  cobalt,  nickel,  copper,  mercury,  and  silver, 
present  no  peculiarities. 


Deposits  of  Hippuric  Acid. 

As  the  type  of  hippuric  acid  deposits  we  may  consider  the 
crystals  which  form,  on  evaporation,  in  urine  containing  the 
acid  in  solution.  They  are  the  long  needle-like  rhombic 
prisms  in  a variety  of  combinations,  the  crystals  forming  in 
groups  of  a stellar  arrangement.  The  characters  which,  1 
may  say,  distinguish  the  hippuric  acid  deposit  at  first  sight 
from  the  uric,  are  the  small  amount  of  colouring  matter  it 
contains,  the  needle-like  habitus,  and  the  stellar  arrange- 
ment. The  hippuric  acid  crystals  have  a tendency  to  become 
club-shaped  at  their  ends.  This  tendency  eventually  ends  in 
the  apposition  of  many  acicular  crystals  to  the  end,  or  both 
ends,  of  a single  prism. 

Deposits  of  hippuric  acid  arc  by  no  means  common.  1 
have  seen  only  two  instances  of  this  kind;  and  in  one  of 
them  benzoic  acid  had  been  administered  as  a medicine.  The 
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second  case  was  tliat  of  a young  married  lady,  who  suffered 
from  a severe  attack  of  colic.  The  observation  is,  however, 
not  sufficiently  accurate  to  he  recorded  at  full  length. 
Vogel1  has  observed  several  times  that  needle-like  crystals  of 
hippuric  acid  projected  like  spears  from  larger  crystals  of 
uric  acid.  In  such  a case  it  is  best  to  collect  the  deposit  on 
a filter,  and  afterwards  to  boil  it  in  alcohol.  The  alcoholic 
solution  leaves  the  crystals  of  hippuric  acid  on  evapora- 
tion. 

The  deposits  of  hippuric  acid  are  by  no  means  due  to  the 
same  individual  causes  as  those  of  uric  acid,  though  the  same 
causes  may  co-operate  to  produce  such  deposits.  For,  hippuric 
acid  being  more  soluble  in  water,  it  follows  that  the  acid  must 
be  present  in  excess  before  any  deposit  can  take  place.  This 
is  known  to  be  not  requisite  for  a deposit  of  m’ic  acid.  Any 
sediment  of  hippuric  acid  can  therefore  only  have  been  pro- 
duced by  the  co-operation  of  two  causes  : 1,  an  acid  present 
in  the  urine,  to  separate  hippuric  acid  from  its  base ; 2,  an 
excess  of  hippuric  acid  over  the  saturating  point  of  the  urine 
at  a certain  temperature. 

Quantity  of  Hippuric  Acid  secreted  in  twenty-four  hours. 

Beyond  the  assertion  of  Liebig  that  hippuric  acid  was  present 
in  human  urine  in  about  the  same  proportion  as  uric  acid, 
Ave  possess  no  observations  on  this  point.  These  observations 
are  the  more  necessary,  as  Duchek  has  negatived  the  opinion 
of  Liebig,  now  generally  received,  that  hippuric  acid  is  a 
constant  constituent  of  human  urine. 

Physiology. 

Benzoic  acid,  introduced  into  the  stomach,  appears  in 
the  urine  as  hippuric  acid.  One  or  several  drachms  of  benzoic 
acid  in  a glass  of  grog  may  thus  be  taken ; and,  after  the  slight 
irritation  of  the  glottis  has  passed  away,  not  the  least  incon- 
venience is  experienced  by  the  individual  subjected  to  the 
experiment.  I observed,  however,  that  a strong  feeling  of 
sickness  folloAved  the  ingestion  of  a dose  of  one  drachm  in  a 
glass  of  grog.  It  disappeared  in  the  course  of  half  an  hour. 
Benzoic  acid  appropriates  to  itself  glycine.  The  question 
now  arises,  where  that  combination  takes  place,  whether 
in  the  intestinal  canal,  in  the  portal  blood,  in  the  liver,  or  in 
any  other  part  of  the  system  ? This  question  must  be 


1 Loc.  cit.,  p.  201. 
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answered  by  experiment;  and  we  must  take  care  not  to  be 
biassed  by  the  presence  of  glycine  in  the  bile,  combined  with 
choleic  acid  as  glycocholic  acid. 

So  far  the  observations  are  clear  that,  if  benzoic,  cinnamic, 
nitrobenzoic  acids,  or  any  substances  containing  them,  are 
taken  internally,  they  appear  in  the  urine  as  liippuric  and 
nitrohippuric  acids.  But,  as  the  food  of  most  people  does 
not  contain  any  benzoic  acid  as  far  as  we  know,  the  regular 
appearance  of  liippuric  acid  cannot  be  the  consequence  of 
diet  only.  Even  Duchek  found  that  his  greengages  did  not 
contain  a sufficient  quantity  of  benzoic  acid  to  account  for 
the  whole  amount  of  liippuric  acid  found  in  his  urine  after 
eating  them ; and  he  therefore  takes  refuge  in  a supposition, 
that  there  was  another  compound  of  benzoyle  present  in  the 
fruit,  which  was  capable  of  forming  liippuric  acid.  The 
strongest  argument  has  been  brought  by  Liebig.1  The  urine 
of  cows  is  always  equally  rich  in  liippuric  acid,  no  matter 
whether  they  feed  on  hay  or  on  mangel  wurzel.  Now,  as 
the  latter  has  been  found  by  direct  analysis,  and  by  ex- 
perience in  the  manufacture  of  sugar,  not  to  contain  any 
benzoic  acid,  we  cannot  draw  any  other  conclusion  from  the 
presence  of  liippuric  acid  in  the  urine  of  herbivora  and  of 
man,  than  that  it  is  a product  of  the  organism,  to  the  forma- 
tion of  which  the  elements  of  the  food  give  the  materials. 
Proust2  and  Guckelberger3  both  observed  the  formation  of 
bitter  oil  of  almonds,  and,  secondarily,  of  benzoic  acid,  as  one 
of  the  products  of  oxydatiou  of  albuminous  substances. 
We  may,  therefore,  by  analogy,  think  it  possible  that  the 
oxydation  of  albuminous  substances  in  the  body  may  yield 
some  benzoic  acid,  as  a collateral  product,  in  small  quantity. 
These  considerations  point  to  a difference  between  the  oxyda- 
tion of  albuminous  substances  in  herbivorous  animals  and  in 
carnivora.  The  urine  of  the  latter  has  not  been  observed  to 
contain  any  hippuric  acid,  and  the  urine  of  cows  always  con- 
tains this  acid,  even  when  their  food  is  decidedly  free  from 
benzoic  acid.  The  explanation  of  this  difference,  if  it  really 
exist,  will  have  to  be  sought  by  further  experiments. 

Regarding  the  physiological  bearing  of  hippuric  acid  in 
animals,  the  observations  seem  to  show  that  rest  and  activity, 
as  well  as  different  descriptions  of  food,  have  a considerable 
influence  upon  the  quantity  in  which  it  is  found  in  the  urine. 
According  to  Liebig,4  rest  seems  to  favour  the  production  of 

’ Loc.  cit.,  p.  171. 

2 Gehlen’s  ‘ Neues  Journ.  d.  Chem.,’  ii,  p.  241. 

3 ‘Ann.  d.  Chem.  und  Pharm.,  Ixiv,  p.  39. 

4 ‘ Tliierchcmie,’  3te  Aufl.,  p.  86. 


150 


IIIPPUllIC  ACID. 


hippuric  acid,  and  the  urine  of  horses  contains  a larger  amount 
of  it  when  they  are  not  overworked.  In  accordance  with  this 
statement,  Erdmann  and  Marchand 1 found  the  urine  of 
horses  kept  for  private  use  to  contain  much  hippuric  acid ; 
that  of  horses  used  for  ploughing,  however,  contained  only 
benzoic  acid.  Hutstein2  also  observed  that  the  urine  of 
private  horses,  which  had  yielded  hippuric  acid  exclusively, 
contained  oidy  benzoic  acid  after  they  were  used  for  hard 
work.  Dr.  G.  Bird3  says  that  both  hippuric  and  benzoic 
acids  will  disappear  from  the  urine  of  over- driven  animals. 
He  could  not  detect  a trace  of  either  in  the  urine  of  an  ox 
which  had  been  driven  up  from  the  country  to  Smitlifield, 
and  killed  a few  hours  after. 

The  influence  of  some  descriptions  of  food  has  been  inves- 
tigated by  Landerer,4  who  found  that  the  urine  of  horses 
would  only  yield  hippuric  acid  while  they  were  fed  on  oats 
and  hay,  and  did  not  yield  any  while  fed  on  barley  and  straw. 
Riley5  also  found  the  urine  of  calves  to  yield  hippuric  acid 
only  while  feeding  on  grass  or  hay ; and  Schwartz6  observed 
that  the  urine  of  cows  contained  only  traces  of  hippuric  acid 
when  fed  on  the  residue  from  the  distillation  of  spirits. 

The  occurrence  of  benzoic  acid  in  the  fresh  urine  of 
animals  is  at  least  problematical.7  Much  more  problematical, 
however,  is  rendered  the  influence  of  either  work  or  rest 
upon  the  quantity  of  hippuric  acid  secreted  by  animals, 
through  the  following  statements  of  Roussin.8  He  found  that 
horses  fatigued  produce  much  hippuric  acid,  and  little  urea. 
Horses  well  fed  and  quiet  produce  little  or  no  hippuric  acid  ; 
urea,  on  the  contrary,  is  found  in  their  urine  in  very  large 
proportions.  The  limpidity  of  the  liquid  may  be  the  index. 
If  it  be  clear,  and  deposit  little  carbonate  of  lime,  it  has 
much  urea  and  little  hippuric  acid ; if  it  be  muddy,  it  is 
certain  that  there  is  much  hippuric  acid.  Upon  this  fact 
Roussin  builds  a speculation  on  the  transformation  of  hip- 
puric acid  into  urea,  and  vice  versa , the  very  nature  of 
which,  however,  makes  the  character  of  his  analyses  still  more 
doubtful  than  they  appear  at  first  sight,  from  the  fact  of  their 
being  in  direct  opposition  to  the  results  of  the  analyses  enu- 


1 ‘ Journ.  d.  Pract.  Chem.,’  xxvi,  p.  492. 

2 ‘ Braude’s  ‘ Neues  Archiv  d.  Pharm.,’  lxvi. 

3 Loc.  cit.,  p.  201. 

4 ‘N.  Journ.  d.  Pharm.,’  xx,  p.  288. 

5 Ibid.,  xxii,  p.  354. 

6 ‘Ann.  d.  Chem.  und  Pharm.,’  liv,  p.  31. 

7 Gorup-Besanez,  loc.  cit.,  p.  171. 

8 I have  taken  this  from  an  extract  in  the  ‘ American  Journal  of  Science  and 
Art,’  July,  1856,  No.  64,  p.  102. 
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merated  above.  In  the  following  analyses  he  determined  the 
urea  in  the  form  of  the  dry  nitrate  : 


Description  of  Horse. 

Grammes  of 
Hippuric  acid  in 
one  litre. 

Grammes  of  Urea 
in  one  litre. 

1 

Omnibus-horses 

7-8 

2 

„ „ at  work  . 

100 

18-0 

3 

Arabian  stallions  completely  quiet. 

00 

32-0 

4 

» if 

o-o 

350 

5 

yy  )>  yy 

00 

330 

6 

yy  yy  yy 

00 

340 

7 

Horses  at  work .... 

50 

210 

8 

„ fatigued  by  a long  course. 

130 

120 

9 

Horse  after  a very  long  course  . 

14-0 

150 

These  analyses  should  be  repeated  with  the  whole  of  the 
urine  discharged  in  twenty-four  hours ; in  other  words,  with 
regard  to  time.  The  urea  is,  moreover,  to  be  determined  by 
a more  accurate  method  than  that  through  the  antiquated 
nitrate. 


Pathological  occurrence. 

The  case  of  a girl,  suffering  from  chorea,  who  lived  on 
apples,  bread,  and  water,  and  discharged  an  excess  of 
hippuric  acid,  has  been  recorded  by  Pettenkofer.1  In  a 
case  by  Bouchardat,  milk  diet  is  blamed  as  the  cause  of  a 
discharge  of  two  parts,  in  a thousand  of  the  urine,  of  hippuric 
acid,  by  a woman  suffering  from  a variety  of  severe  disorders. 
A case  observed  by  Dr.  Garrod2  relates  to  a young  man  who, 
under  certain  circumstances,  discharged  a urine  which,  on  the 
addition  of  an  acid,  yielded  crystals  of  hippuric  acid.  Half  a 
pint  of  urine  yielded  40  grains  of  the  acid.  No  information 
as  to  the  source  of  the  hippuric  acid  could  be  obtained  from 
the  history  of  the  patient.  It  is  denied  that  he  had  ever 
taken  any  benzoic  acid,  so  that,  if  no  imposition  was  prac- 
tised by  the  patient,  there  is  at  all  events  some  mystery  about 
his  case. 

A large  quantity  of  hippuric  acid  is  present  in  the  acid  urine 
of  fever  patients,  of  which  it  is  said  to  cause,  in  part  at  least, 
the  acid  reaction.  The  observer  of  this  fact,  Lehmann,  has 
also  found  hippuric  acid  in  diabetic  urine,  in  every  instance 
in  which  he  has  sought  for  it.  In  one  instance  100  parts  of 
urine  yielded  0 025  parts  of  crystallized  hippuric  acid.  I 

1 ‘ Ann.  d.  Chem.  und  Pharm.,’  lii,  p.  86. 

3 Originally  communicated  in  Dr.  G.  Bird’s  work,  p.  303.  The  first  two  cases 
may  also  be  consulted  there  in  detail. 
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have  already  mentioned  that  Hdnefeld  and  Ducliek  have  con- 
firmed Lehman’s  observations. 

The  last  observation  is  that  of  Schlossberger,  already  men- 
tioned. He  found  hippuric  acid  in  the  scales  of  ichthyosis. 
We  have  not  yet  been  informed  whether  it  was  accidentally 
present  in  a single  case,  or  whether  it  is  of  frequent  or  con- 
stant occurrence  in  that  disease. 

The  reader  will  think  this  a very  unsatisfactory  chapter, 
and  so  indeed  it  is.  We  want  observations,  for  which  there 
is  a large  field  open.  But  undoubtedly  some  technical  diffi- 
culties will  have  to  be  overcome  first,  before  the  analysis  of 
hippuric  acid  can  be  made  with  sufficient  accuracy. 


CHAPTER  VIII. 


CHLORINE  AND  CHLORIDES. 


Remarks  on  the  Incineration  of  Urine. 

The  solid  residue  of  the  evaporation  of  urine,  when  exposed 
to  a red  heat  for  the  necessary  length  of  time  after  the  com- 
plete combustion  of  all  organic  ingredients,  leaves  an  ash, 
which  is  made  up  of  the  so-called  incombustible  salts.  Accu- 
rate analysis  has  shown  that  this  ash  does  not  contain  the 
inorganic  salts  in  the  same  condition  in  which  they  were 
dissolved  in  the  urine ; from  which  we  must  conclude  that, 
under  the  united  influences  of  heat,  the  oxygen  of  the  air,  and 
the  reducing  quality  of  the  charred  animal  matter,  they  have 
undergone  certain  considerable  changes.  The  acid  phosphate 
of  soda,  for  example,  when  intimately  mixed  with  carbon,  will, 
under  the  influence  of  red  heat,  give  oft'  a part  of  its  acid, 
which  is  reduced  at  the  same  time,  and  volatilized  in  the  form 
of  phosphorus  and  carbonic  acid.  But  the  most  considerable 
loss  which  the  fixed  salts  incur  by  the  process  of  incineration 
is  that  of  chlorine.  Indeed  so  considerable  is  this  loss,  that 
Becquerel  found,  as  the  average  quantity  of  chlorine  dis- 
charged by  healthy  adult  persons  in  twenty-four  hours,  only 
(V66  grammes,  which  is  scarcely  one  tenth  of  the  average  of 
chlorine  actually  removed  by  the  urine.  From  this  it  is  evident 
that  the  mode  of  determining  the  fixed  salts  by  incineration  of 
the  residue  of  the  urine  after  evaporation  is  quite  useless  for 
analytical  purposes,  as  are  also  the  whole  of  the  analyses  made 
by  that  method.  But  even  were  the  analyses  by  incineration 
approximatively  correct,  yet  evaporation  and  incineration 
take  so  much  trouble  and  time,  that  the  process  is  en- 
tirely unavailable  for  practical  purposes.  These  reasons  are 
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quite  sufficient  for  us  altogether  to  abandon  the  proceeding 
in  determining  the  acids,  and  without  regret,  as  we  possess 
volumetrical  and  other  methods  of  the  highest  accuracy,  by 
means  of  which  the  amount  of  any  of  the  acids  in  combina- 
tion with  the  fixed  bases  in  the  urine  may  be  determined. 


CHLORIDE  OF  SODIUM.  NaCl. 

Composition  and  Occurrence. 

Sodium  . . 23 3 

Chlorine  . . 35*5 


NaCl  . . . 5 8' 8 = equiv.  chloride  of  sodium. 

A physiological  law  makes  this  substance  the  common  ac- 
companiment of  our  food.  Salt  is  a necessary  to  man  and 
animal,  and  nature  finds  means  and  ways  to  supply  it  to  both. 
Like  oxygen,  which  composes  two  thirds  of  our  globe,  salt  is 
found  everywhere.  Its  solubility  in  water  equals  the  diffusi- 
bility  of  oxygen ; and  thus  it  penetrates  the  masses.  There 
is  probably  no  water  on  the  globe  which  does  not  contain  it, 
and  consequently  it  pervades  the  vegetable  and  the  animal 
kingdoms.  Of  all  waters,  sea  and  mineral  water  contain  the 
greatest  abundance  of  it.  It  occurs,  moreover,  in  a solid 
crystalline  state,  mostly  imbedded  in  layers  of  gypsum,  and 
then  is  termed  rock-salt.  Of  this  we  have  to  make  an  im- 
portant use  in  the  quantitative  analysis  of  the  chloride  of 
sodium  of  the  urine.  For,  no  salt  being  so  pure  as  rock-salt,  a 
solution  of  it  in  water  serves  as  the  basis  for  the  preparation 
of  all  the  tests  which  are  required  for  the  volumetrical 
method. 

Crystallography . 

Chloride  of  sodium  crystallizes  in  the  cubic  system.  The 
cleavage  of  rock-salt  leads  to  a cube,  and  crystallizations  of 
salt  from  pure  solutions  always  assume  this  form.  If,  how- 
ever, certain  organic  substances  are  mixed  with  the  solution, 
the  crystallization  will  ensue  in  the  form  of  the  regular  octa- 
hedron. Chloride  of  sodium,  therefore,  when  crystallizing  out 
of  the  urine  or  other  animal  fluids,  always  appears  in  octa- 
lieclra.  The  latter  are  best  obtained  by  evaporating  a large 
amount  of  (one  day’s)  urine  to  a thin  syrupy  consistence,  and 
letting  it  stand  over  night.  The  crystals  will  be  found  in  the 
sediment  on  decanting  the  supernatant  fluid,  and  are  good  ob- 
jects for  microscopical  observation. 
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Chemical  properties. 

Chloride  of  sodium  dissolves  in  water  of  from  54°  to  75°  F. 
(12°  to  24°  C.),  invariably  at  the  rate  of  31-84  parts  in  100  parts  . 
of  the  saturated  solution.  For  procuring  the  latter  clear  rock- 
salt  is  best  used,  as  already  described  under  Urea  (p.  57). 

In  solutions  of  chloride  of  sodium,  nitrate  of  silver  pro- 
duces a white  precipitate,  which  is  insoluble  in  nitric  and 
hydrochloric  acids.  We  make  use  of  this  test  for  removing 
chlorides  from  the  urine  when  we  wish  to  ascertain  accurately 
the  amount  of  urea  by  the  volumetrical  method.  In  the  same 
solutions  the  nitrate  of  the  suboxyde  of  mercury  produces  a 
precipitate  of  calomel  (subchloride  of  mercury). 

If  a concentrated  solution  of  chloride  of  sodium  is  mixed 
writh  a similar  solution  of  nitrate  of  protoxyde  of  mercury, 
nitrate  of  soda  and  bichloride  of  mercury  (corrosive  sublimate) 
are  formed,  the  latter  transforming  the  fluid  into  a white  magma 
of  crystals.  The  same  juxtaposition  takes  place  in  dilute 
solutions,  with  the  difference,  however,  that  the  fluid  remains 
clear,  because  the  sublimate  is  kept  in  solution.  In  solutions 
which  contain  chloride  of  sodium  and  urea  at  the  same  time, 
no  precipitation  of  urea  by  nitrate  of  protoxyde  of  mercury 
will  take  place,  as  long  as  any  chloride  of  sodium  is  yet 
present  untransformed  into  nitre  and  corrosive  sublimate. 
Upon  this  test  is  based  the  volumetrical  analysis  of  chloride 
of  sodium  by  Professor  Liebig. 


Diagnosis  in  Urine. 

As  it  is,  in  some  cases,  of  interest  to  know  whether  chloride 
of  sodium  be  present  in  the  urine  or  not,  it  is  useful  to  have 
a short  qualitative  test  at  hand  for  ascertaining  the  fact. 
This  test  is  nitrate  of  silver.  One  caution  only  is  required, 
namely,  to  strongly  acidulate  the  urine  to  be  tested  with 
nitric  acid,  in  order  to  prevent  the  precipitation  of  phosphate 
of  silver.  Or  the  nitric  acid  may  be  added  after  the  nitrate 
of  silver,  when  any  phosphate  of  silver  will  be  immediately 
dissolved. 


Liebig's  Method  of  determining  the  quantity  of  Chlorine  in 
neutral  fluids  by  means  of  Nitrate  of  Protoxyde  of  Mercury. 

From  the  analysis  of  urea  we  are  already  acquainted  with 
the  fact,  that  nitrate  of  protoxyde  of  mercury  produces  a 
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copious  white  precipitate  in  a solution  of  urea.  This  preci- 
pitate is  not  produced  Avith  corrosive  sublimate. 

On  mixing  a chloride  of  any  of  the  alkali  metals  with 
nitrate  of  protoxyde  of  mercury,  a transmutation  of  the  two 
salts  into  corrosive  sublimate  and  a nitrate  of  the  alkaline 
base  takes  place.  We  have  already  seen  the  result  of  this 
process  as  regards  chloride  of  sodium. 

If  a solution  of  urea  is  mixed  with  some  chloride  of  sodium, 
and  a dilute  solution  of  nitrate  of  protoxyde  of  mercury  is 
then  added  in  small  portions,  a white  turbidity  occurs  on  the 
spot  where  the  two  fluids  mix  with  each  other ; but  this 
turbidity  immediately  disappears  if  the  fluid  is  shaken  a little, 
and  the  latter  remains  as  clear  and  transparent  as  before  the 
addition  of  the  nitrate ; without  the  chloride  of  sodium  it 
would  have  remained  permanently  thick.  On  the  addition  of 
the  nitrate  being  continued,  the  precipitate  will  disappear 
until  the  whole  of  the  chloride  has  been  transformed  into 
corrosive  sublimate.  Beyond  this  limit  a single  drop  of  the 
mercurial  solution  produces  a permanent  turbidity  of  the 
fluid. 

From  this  it  is  evident  that,  if  we  know  the  amount  of 
mercury  contained  in  the  solution  of  the  nitrate  of  the  prot- 
oxyde of  mercury,  which  has  been  added  to  the  solution  of 
urea  containing  an  unknown  amount  of  chloride  of  sodium, 
until  the  permanent  turbidity  was  produced,  the  amount  of 
chlorine,  or  chloride  of  sodium,  contained  in  that  solution 
may  be  also  known.  One  equivalent  of  mercury  of  the  mer- 
curial solution  consumed,  exactly  corresponds  to  one  equiva- 
lent of  chlorine  or  chloride  of  sodium. 

On  the  contrary,  if  the  amount  of  chloride  of  sodium  con- 
tained in  the  solution  of  urea  be  known,  and  the  amount  of 
mercury  contained  in  the  mercurial  solution  be  unknown,  it 
is  easy  to  calculate  the  amount  of  mercury  contained  in  the 
mercurial  solution  used. 

This  proceeding  for  ascertaining  the  amount  of  chloride  of 
sodium  is  particularly  applicable  to  the  urine,  because  the 
addition  of  urea  is  here  not  required.  It  may,  of  course,  be 
used  with  advantage  for  ascertaining  the  amount  of  chlorine 
contained  in  brine  or  sea-water,  and,  generally  speaking,  in 
all  cases  where  a large  number  of  analyses  have  to  be  made 
in  the  shortest  possible  time.  If,  however,  the  amount  of 
chlorine  in  fluids  not  being  urine  is  to  be  determined,  the 
proceeding  has  to  undergo  some  modification. 

I have  already  described  (pp.  54,  55)  the  simplest  modes 
of  obtaining  solutions  of  the  nitrate  of  the  protoxyde  of  mer- 

cury.  Care  must  be  taken  not  to  use  the  common  mercury 
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of  commerce,  because  it  always  contains  lead  and  bismuth, 
which  render  the  analysis  of  chloride  of  sodium  uncertain. 
If  either  lead  or  bismuth  be  present  in  a solution  of  mercury, 
it  will,  on  the  latter  being  mixed  with  a solution  of  urea 
containing  chloride  of  sodium,  immediately  cause  a white 
turbidity  or  opalescence,  which  makes  it  impossible  to  see 
distinctly  the  point  at  which  the  combination  of  urea  and 
oxyde  of  mercury  begins  to  be  precipitated. 

If,  therefore,  it  is  the  intention  of  the  operator  to  use  the 
common  mercury  of  commerce,  it  will  be  best  for  him  to 
transform  it  into  crystallized  protonitrate  or  nitrate  of 
suboxyde  of  mercury,  by  boiling  an  excess  of  the  metal  in 
dilute  nitric  acid,  concentrating  and  cooling  the  solution. 
The  crystals  of  this  salt  are  then  separated  from  the  mother- 
liquor,  which  contains  the  foreign  metals ; they  are  washed 
with  dilute  nitric  acid,  afterwards  with  a little  water,  by  which 
process  a part  is  transformed  into  basic  salt.  If  the  commer- 
cial nitrate  of  the  suboxyde  be  used,  this  process  of  washing 
must  always  be  gone  through,  because  the  manufacturers 
simply  remove  the  crystals  from  the  mother-liquor  without 
washing  them.  Small  pieces  of  the  crystallized  salt  should 
not  be  used  at  all,  because  the  yellowish  mother-liquor 
adheres  to  them  with  such  pertinacity,  that  it  is  difficult  to 
remove  it  by  washing  without  dissolving  the  greater  part  of 
the  salt  also. 

The  crystals  of  nitrate  of  suboxyde  of  mercury  are  now 
dissolved  in  nitric  acid,  and  heated  until  the  evolution  of 
vapours  of  nitrous  acid  has  entirely  ceased,  and  a drop  of  the 
solution  is  no  longer  precipitated  by  chloride  of  sodium.  The 
solution,  after  evaporation  on  the  water-bath  to  a syrupy 
consistence,  is  diluted  with  ten  times  its  own  volume  of  water. 
If,  after  the  lapse  of  twenty-four  hours,  any  basic  salt  of  the 
protoxyde  has  been  precipitated,  it  may  be  removed  by 
filtration. 

In  order  to  make  this  solution  serviceable  for  the  quantita- 
tive analysis  of  chlorid6  of  sodium  it  must  be  graduated,  so 
as  to  contain  a definite  amount  of  nitrate  of  protoxyde  of 
mercury  in  a given  volume.  This  may  be  effected  in  two 
ways.  It  is  either  graduated  directly  by  means  of  a solution 
of  chloride  of  sodium  of  known  strength,  or,  after  the  amount 
of  protoxyde  it  contains  has  been  determined,  it  may  be 
diluted  with  as  much  water  as  is  necessary,  in  order  to  make 
one  cubic  centimetre  of  this  dilute  mercurial  solution  indicate 
exactly  10  milligrammes  of  chloride  of  sodium.  For  both 
proceedings  a solution  of  chloride  of  sodium  is  required, 
containing  a known  amount  of  this  salt.  The  prepa- 
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ration  of  the  standard  saturated  solution  has  already  been 
described  at  p.  56.  Of  this  saturated  solution  we  take  with 
a pipette,  observing  the  usual  caution,  20  c.c.,  and  add 
298'4  c.c.  of  water,  whereby  we  obtain  318‘4  c.c.  of  dilute 
solution  of  chloride  of  sodium,  containing  in  all  2x3184 
milligrammes  of  chloride  of  sodium;  10  c.c.  of  this  solution 
contain,  therefore,  200  milligrammes  of  chloride  of  sodium. 

Preparation  of  mercurial  solution  graduated  for  chloride  of 
sodium. — Ten  cubic  centimetres  are  measured  by  means  of  a 
small  pipette  delivering  exactly  that  amount  of  fluid  after 
having  been  filled  up  to  the  mark  on  the  narrow  tube.  These 
10  c.c.  are  poured  into  a small  beaker ; to  this  are  added  3 c.c. 
of  a solution  of  urea,  containing  in  100  c.c.  4 grammes  of  urea, 
in  1 c.c.  therefore  40  milligrammes  of  urea.  For  measuring 
this  latter  solution  a narrow  test-tube  is  very  serviceable, 
when  marked  with  a file  at  the  point  to  which  it  will  be  filled 
by  any  3 c.c.  of  fluid.  It  does  not  matter  whether  a few 
drops  more  or  less  are  taken. 

The  dilute  solution  of  mercury  to  be  graduated  is  now 
filled  into  a dropping  glass  or  burette,  and  from  this,  and 
after  noting  down  the  level,  it  is  added  in  drops  to  the  so- 
lution of  chloride  of  sodium  containing  urea,  which  is  kept  in 
a rotatory  motion.  The  formation  of  a distinct  and  permanent 
precipitate  indicates  the  completion  of  the  test.  An  opales- 
cence of  the  fluid  must  not  be  mistaken  for  the  precipitate  of 
urea  and  protoxyde  of  mercury.  It  is  caused  by  a trace  of 
foreign  metal ; it  may  easily  be  recognised  as  not  proceeding 
from  the  completion  of  the  test  by  the  circumstance,  that 
after  its  appearance  the  turbidity  is  not  increased  by  the  addi- 
tion of  a few  more  drops  of  the  mercurial  solution.  If  the 
precipitate  has  been  caused  by  the  compound  of  urea,  every 
additional  drop  of  the  mercurial  fluid  produces  an  increase  of 
the  precipitate,  and  therefore  makes  the  fluid  thicker  than  it 
was  before. 

In  graduating  these  fluids,  I generally  take  the  following 
caution.  I measure  10  c.c.  of  water  into  a beaker,  add 
3 c.c.  of  the  solution  of  urea,  and  then  one  or  two  drops  of 
the  mercurial  solution  to  be  graduated.  The  amount  of  pre- 
cipitate thus  produced  shows  the  limit  to  which  the  addition 
of  mercurial  solution  to  the  fluid  containing  a known 
amount  of  chloride  of  sodium  must  be  carried,  in  order  to 
be  safe  against  the  error  from  the  opalescence  of  the  mixture. 

Suppose  that  there  have  been  used  for  the  production  of  the 
precipitate,  in  10  c.c.  of  the  solution  of  chloride  of  sodium, 
7'8  c.c.  of  the  mercurial  fluid,  the  latter  is  too  concentrated  to 
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admit  of  accurate  graduation ; it  is  therefore  diluted  with  its 
equal  volume  of  water,  and  then  tested  a second  time.  Sup- 
pose that  there  have  now  been  used,  for  10  c.c.  of  the  solution 
of  chloride  of  sodium  mixed  with  urea,  15  5 c.c.  of  the  mer- 
curial solution  for  the  production  of  a permanent  precipitate, 
then  we  add,  to  every  155  volumes  of  this  mercurial  solution, 
45  volumes  of  water,  whereby  we  obtain  200  volumes  of  a mer- 
curial solution,  of  which  200  c.c.  exactly  indicate  200  milli- 
grammes of  chloride  of  sodium,  or  one  cubic  centimetre  10 
milligrammes  of  chloride  of  sodium. 

If,  in  the  first  test,  we  use  2 *7  c.c.  for  10  c.c.  of  solution  of 
chloride  of  sodium,  we  then  add  five  or  six  times  the  amount 
of  water  to  it.  The  mercurial  solution,  which  is  to  be  gra- 
duated, must  not  be  too  different  in  concentration  from  the 
fluid  required  for  the  test,  and  which  we  are  desirous  of  pro- 
ducing. 

We  finally  ascertain  the  correctness  of  the  measurements 
by  an  experiment.  The  degree  of  permanent  precipitate  pro- 
duced by  the  addition  of  20  c.c.  to  lOc.c.  of  the  solution  of  chlo- 
ride of  sodium  and  urea, must  be  borne  in  mind  when  perform- 
ing the  actual  analysis  for  practical  pm'poses.  The  only  source 
of  error  connected  with  this  quantitative  analysis  of  chloride 
of  sodium,  is  that  an  excess  of  the  mercurial  solution  may  be 
added,  so  that  the  precipitate  is  formed  in  excess ; or  that  too 
little  of  the  solution  mav  be  added,  so  that  the  turbidity  is 
insufficient.  But  a little  practice,  and  the  caution  recom- 
mended above,  will  soon  teach  us  how  to  avoid  this  error. 

The  test-fluid,  the  preparation  of  which  has  just  been  de- 
scribed, is  calculated  for  those  cases  in  which,  besides  chlorides, 
there  are  no  other  salts  and  no  excess  of  urea  in  solution.  It 
is  liable  to  lead  to  a small  error,  when  used  for  the  determi- 
nation of  chloride  of  sodium  in  the  urine,  which  makes  its  appa- 
rent amount  in  urine  smaller  than  in  reality  it  is.  This  error  is 
occasioned  by  the  earlier  appearance  of  the  critical  precipitate 
at  the  completion  of  the  test,  in  cases  where  much  urea  and 
other  salts  are  present,  because  the  precipitate  is  less  soluble 
in  the  more  concentrated  fluids.  A deposit  of  nitrate  of  urea 
and  protoxyde  of  mercury  is  of  course  not  formed  in  the  fluid, 
before  the  latter  is  saturated  with  the  former.  The  mer- 
curial solution  always  contains  free  nitric  acid,  which  dis- 
solves more  of  the  nitrate  of  urea  and  protoxyde  of  mercury 
than  water,  and  the  latter  more  than  a solution  of  nitrate 
of  urea. 

But  as  urine  generally  contains  more  urea  than  has  been 
added  to  the  solution  of  chloride  of  sodium  for  the  purpose  of 
its  graduation,  this  urea  takes  a part  of  the  free  nitric  acid  of 
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the  mercurial  solution,  forming  nitrate  of  urea,  which  dimi- 
nishes the  solubility  of  the  precipitate  in  the  fluid.  As  the 
precipitate  in  that  case  appears  earlier,  less  test-fluid  is  used, 
for  producing  the  critical  test.  This  error  may  be  completely 
avoided  by  adding  to  the  10  c.c.  of  solution  of  chloride  of 
sodium,  to  which  3 c.c.  of  the  solution  of  urea  have  been 
added,  5 c.c.  of  a solution  of  sulphate  of  soda,  saturated 
at  the  ordinary  temperature  of  the  air,  and  then  graduating 
the  fluid. 

Nitrate  of  protoxyde  of  mercury,  when  added  to  a solution 
of  sulphate  of  soda,  produces  a yellow  pulverulent  precipitate 
of  turpeth  mineral.  If  the  sulphate  of  soda  contain  chloride 
of  sodium,  the  addition  of  the  nitrate  of  protoxyde  of  mercury 
will  not  form  a precipitate  of  turpethum  before  the  whole  of 
the  chloride  of  sodium  has  been  transformed  into  sublimate, 
and  the  addition  of  the  sulphate  of  soda  modifies  the  experi- 
ment only  in  one  way,  namely,  by  the  combination  of  the 
free  acid  of  the  mercurial  solution  with  the  sulphate  of  soda 
an  acid  salt  is  formed,  which  has  the  same  effect  as  an  excess 
of  urea. 

On  adding  urea,  and  afterwards  nitrate  of  protoxyde  of 
mercury,  to  a solution  of  sulphate  of  soda  which  does  not  con- 
tain any  chloride  of  sodium,  and  may  he  tolerably  dilute,  the 
mixture  becomes  a gelatinous  magma  of  a snowy-white  com- 
bination, which  contains  sulphuric  acid,  urea,  and  protoxyde 
of  mercury,  and  is  a little  less  soluble  in  water  than  the  cor- 
responding nitrate. 

The  quantitative  analysis  of  chlorine  by  means  of  a salt  of 
silver  is  so  accurate,  that  we  cannot  say  that  there  is  a more 
accurate  one  in  existence.  The  method  just  described  of 
finding  the  amount  of  chlorine  or  chloride  of  sodium  by  means 
of  the  nitrate  of  protoxyde  of  mercury  is,  however,  by  no 
means  inferior  as  regards  accuracy  to  the  method  which  em- 
ploys nitrate  of  silver.  But  the  former  is  only  suitable  for 
neutral,  very  slightly  acid,  or  alkaline  fluids,  because  an  excess 
of  acid  prevents  the  precipitation  of  the  urea  compound. 

The  only  advantage  of  the  nitrate  of  protoxyde  of  mercury 
over  the  silver  salts  consists  in  the  circumstance,  that  the  end 
of  the  experiment  is  indicated  by  the  beginning  of  the 
reaction.  In  testing  with  the  solution  of  silver  the  test  is 
completed  when  no  precipitate  is  any  longer  formed,  and 
no  reaction  is  perceived.  In  this  case  the  thickness  of 
the  fluid,  and  the  difficulty  of  making  it  clear,  stand  in  the 
way  of  rapid  execution.  But,  with  the  mercurial  solution, 
some  dozen  analyses  may  be  made  in  an  hour ; and  it  is, 
therefore,  particularly  applicable  to  technical  proceedings  ; 


CHLORINE. 


161 


for  example,  ascertaining  the  amount  of  chloride  of  sodium 
in  sulphate  of  soda,  and,  after  previous  neutralization,  in 
commercial  soda. 

The  fluid  applied  to  the  urine. — Special  proceedings. — 
Before  the  fluid  can  be  applied  to  the  urine,  it  is  necessary  to 
remove  the  phosphoric  acid  from  the  latter.  This  is  done  by 
the  solution  of  baryta  in  the  manner  described  at  p.  61.  The 
fluid  filtered  from  the  precipitate  is  alkaline  from  an  excess  of 
baryta.  This  alkaline  reaction  must  he  removed  by  the 
addition  of  nitric  acid.  The  correctness  of  the  analyses  to  be 
made  mainly  depends  upon  the  caution  not  to  add  more 
nitric  acid  to  the  filtered  liquid  from  the  baryta  precipitate, 
than  is  just  necessary  to  produce  a faint  acid  reaction.  For 
this  reason  it  is  advisable  to  acidulate  the  whole  filtered  liquid 
before  taking  any  part  from  it  by  means  of  dilute  nitric  acid ; 
an  excess  of  one  drop  of  acid  in  100  c.c.  of  fluid  is  of  no 
consequence,  while  it  would  interfere  with  the  accuracy  of  the 
analysis  when  added  to  the  smaller  quantity  used  for  analysis. 

For  the  test  we  take  15  c.c.  of  the  acidulated  fluid,  corre- 
sponding to  10  c.c.  of  urine.  This  is  done  by  means  of  a small 
pipette  which  exactly  delivers  15  c.c.  when  filled  to  the  mark 
in  the  narrow  tube.  The  measured  quantity  is  delivered  into  a 
small  beaker,  and  being  kept  in  a rotatory  motion  the  mer- 
curial solution  is  made  to  flow  into  it.  After  the  turbidity 
has  appeared,  the  amount  of  test-fluid  used  is  read  off  the 
scale  of  the  burette  ; every  cubic  centimetre  used  corresponds 
to  10  milligrammes  of  chloride  of  sodium. 

The  presence  of  chloride  of  sodium  in  the  urine  requires 
some  modifications  of  the  analysis  for  urea,  which  has  already 
been  described  at  p.  62,  et  seep  There  it  has  been  stated 
that,  for  very  accurate  analyses,  the  removal  of  the  chlorine 
from  the  urine  before  the  addition  of  the  fluid  graduated  for 
urea  became  essential,  and  a graduated  solution  of  nitrate  of 
silver  to  be  used  for  that  purpose  was  described.  In  this  case 
the  analysis  of  chloride  of  sodium,  by  means  of  the  mercurial 
solution,  serves  to  indicate  exactly  the  amount  of  solution  of 
silver  (graduated  for  the  same  amount  of  chloride  of  sodium 
as  the  mercurial  solution)  which  has  to  be  added  to  the  urine 
for  precipitating  the  whole  of  the  chlorine  contained  in  it. 

Daily  average  amount  of  Chlorine  discharged  during  health. 

As  the  amount  of  chloride  of  sodium  found  in  the  urine 
bv  different  observers  is,  in  many  instances,  expressed  by  the 
amount  of  chlorine  only,  which  has  been  found  by  analysis, 
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tlie  reader  will  do  well  to  take  care  not  to  confound  figures 
expressing  the  amount  of  chlorine  with  those  expressing  the 
amount  of  chloride  of  sodium. 

The  first  observations  of  the  daily  average  amount  of 
chlorine  discharged  by  persons  of  different  sexes  and  ages 
were  made  by  Bischoff.1  His  results  are  as  follows  : 


Chloride  of  Sodium. 

Chlorine. 

— 

. 

Min. 

Med. 

Max. 

Grammes. 

Gram. 

Gram. 

Gram. 

Adult  man,  living  well  . . discharged 

8-7 

8-64 

14-73 

24-84 

Woman,  43  years  of  age  .... 

5-5 

— 

— 

— 

Girl,  18  years  „ .... 

4-5 

— 

— 

— 

Boy  of  16  years  „ .... 

53 

— 

— 

— 

Boy  of  3 years  „ .... 

0-8 

““ 

Before  Bischoff,  Hegar2  published  a series  of  very  accu- 
rate observations  made  upon  eight  young  gentlemen,  stu- 
dents at  the  University  of  Giessen.  The  daily  average  of 
chlorine  discharged  he  found  to  vary  in  different  individuals, 
and  to  fluctuate  between  7*4  and  1 39  grammes.  This  gives 
for  one  individual  of  that  class  a daily  average  of  10  grammes 
of  chlorine,  corresponding  to  16-5  grammes  of  chloride  of 
sodium,  and  calculated  for  one  hour  it  gives  044  grammes  of 
chlorine,  corresponding  to  O' 73  grammes  of  chloride  of  sodium. 
For  the  average  of  adult  persons,  however,  the  medium 
amount  of  chlorine  discharged  during  twenty-four  hours  is 
not  quite  so  high,  and  accordingly  Vogel  assumes  for  the 
majority  of  adult  individuals  6 to  8 grammes  as  the 
average  of  chlorine  discharged  during  twenty-four  hours, 
corresponding  to  10  and  13  grammes  of  chloride  of  sodium, 
which,  calculated  for  one  hour,  gives  025  to  033  grammes 
of  chlorine,  equal  to  from  041  to  054  grammes  of  chloride 
of  sodium.  The  figures  given  by  Bischoff  show  some  relative 
quantities  in  women  and  children. 

That  the  amount  of  chlorine  discharged  during  twenty-four 
hours  venues  in  different  individuals , undoubtedly  depends 
mainly  upon  the  fact  that  unequal  amounts  of  chloride  of 
sodium  are  ingested  with  the  food  by  different  persons. 
Sailors,  who  have  lived  on  salt  rations  for  the  greater  part  of 

1 Loc.  cit.,  p.  23,  1853. 

2 Hegar,  Alfred,  * Ueber  Ausscheidung  der  Chlorverbindungen  durch  den 
Ham,’  Giessen,  1852. 


CHLORINE. 


163 


their  life  spent  afloat,  will  discharge  an  extraordinary 
amount  of  chlorine  in  their  urine,  because  the  ordinary  food 
of  our  kitchen  is  insipid  to  them  without  the  addition  of 
an  amount  of  salt  that  would  make  any  ordinary  person  ill. 
These  men  may  frequently  be  seen  dipping  sweet  cake  into 
the  salt-cellar,  and  this  inclination  generally  lasts  for  the 
remainder  of  their  life  on  land.  Common  life  shows  how 
different  are  the  tastes  of  individuals  relative  to  the  amount 
of  salt  in  their  food,  and  leads  us  to  expect  the  differences 
which  indeed  we  find. 

The  amount  of  chlorine  discharged  by  an  individual  varies 
on  different  days,  according  to  and  corresponding  with  the 
amount  of  chloride  of  sodium  taken  with  his  food.  When 
Falck  ate  strongly  salt  food  on  three  successive  days,  he  dis- 
charged the  following  respective  amounts  of  chlorine,  namely, 
6 0,  7'8,  and  103  grammes  during  twenty-four  hours.  But 
when  he  partook  of  food  containing  no  addition  of  salt,  he 
discharged  2’5,  T6,  and  09  grammes  of  chlorine  on  the 
three  respective  days  succeeding  the  experiment.  Professor 
Yogel  observed  the  amount  of  chlorine  discharged  per  hour 
by  several  individuals  who  had  taken  kitchen  salt  in  doses 
not  sufficiently  large  to  purge  them.  In  all,  the  amount  of 
chlorine  discharged  per  hour  was  increased,  and  rose  from 
04  grammes  to  1’0,  nay,  even  P8  grammes.  In  some,  the 
chlorine  which  had  passed  into  the  blood  was  discharged 
again  by  the  urine  rapidly  and  in  large  quantities  ; while  in 
others  the  discharge  lasted  longer,  and  the  quantities  for 
equal  times  were  smaller. 

The  largest  amount  of  chlorine  per  hour  is  secreted  a few 
hours  after  the  largest  meal  of  the  day,  the  smallest  amount 
is  invariably  secreted  during  the  night  {sleep) . In  eight  indi- 
viduals examined  by  Hegar  the  average  amount  of  chlorine 
discharged  per  hour  was,  in  the  afternoon,  0*57 ; in  the 
night,  0-28 ; in  the  forenoon,  048  grammes.  In  one  and 
the  same  person  the  average  amount  of  chlorine  per  hour 
would  vary  between  0" 20  as  minimum  and  1 ‘32  grammes  as 
maximum  per  hour,  so  that  the  maximum  was  more  than  six 
times  as  large  as  the  minimum.  From  this  we  must  con- 
clude that  the  secretory  activity  of  the  kidneys,  as  regards 
chlorine,  is  diminished  during  rest  and  sleep.  Though  the 
blood  be  rich  in  chlorine  taken  with  the  food  in  the  evening, 
yet  the  lowest  amount  of  chlorine  is  discharged  during  the 
night.  Mental  and  bodily  activity,  on  the  other  hand,  will 
increase  the  secretory  activity  for  chlorine  of  the  kidneys  at 
any  time  during  the  day  or  night.  This  is  particularly  strik- 
ing in  the  morning.  For,  though  a person  after  a supper 
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containing  plenty  of  salt  may  secrete  a very  small  amount 
of  chlorine  during  the  sleep  of  the  night  following,  and  for 
breakfast  may  take  food  containing  no  addition  of  salt,  or 
no  food  at  all,  or  only  a tumbler-full  of  water,  yet  the 
amount  of  chlorine  discharged  during  the  hours  of  the  fore- 
noon, when  the  mind  and  body  are  most  active,  and  when 
the  nutritive  changes  of  the  body  are  being  rapidly  effected, 
will  be  double  the  amount  of  that  during  the  night.  It  will 
of  course  rise  still  more,  if  food  containing  an  addition  of 
salt  be  taken.  The  amount  of  chlorine  discharged  after  a 
substantial  English  breakfast,  with  meat  and  eggs,  is  there- 
fore considerably  larger  than  that  discharged  after  the  Con- 
tinental cafe  au  fait,  or  the  coffee  and  hot  rolls  of  the 
German  student.  Hegar  found  that  a person  who  used  to 
be  given  to  mental  labour  discharged  more  chlorine  per  hour 
of  the  night  (047  grammes)  than  during  the  same  time  in 
the  morning,  when  the  quantity  was  only  044  grammes. 
Yogel  observed  frequently  an  instantaneous  increase  in  the 
amount  of  chlorine  secreted  by  the  urine  under  the  influ- 
ence of  increased  mental  and  bodily  labour.  We  have 
already  seen  that  the  same  causes  exert  a similar  influence 
upon  the  total  quantity  of  urine  discharged,  and  upon  the 
amount  of  urea  secreted  with  it.  There  can  be  no  doubt 
that  most  of  the  ingredients  of  the  urine  share  this  fate,  as 
we  have  seen  or  shall  see  more  particularly  under  the  history 
of  the  single  substances.  Yogel  states,  moreover,  that  by  the 
ingestion  into  the  system  of  large  quantities  of  water,  which 
stimulate  the  kidneys,  not  only  the  amount  of  urine  and 
urea,  but  also  of  chlorine  is  increased.  After  the  stimulus 
has  ceased,  there  follows  a period  of  relaxation ; during 
which  the  activity  of  the  kidneys  becomes  lessened,  and  less 
chlorine  than  usual  is  excreted.  A person  whose  hourly 
secretion  of  chlorine  during  the  night  was  043  grammes, 
drank  four  pints  of  water  in  the  evening.  The  hourly 
amount  of  chlorine  rose  to  O' 60  for  several  hours,  fell  then 
to  042  grammes,  and  somewhat  later  to  040  grammes. 
In  the  morning,  however,  though  no  breakfast  had  been 
taken,  the  amount  of  chlorine  was  raised  to  0'51  grammes 
by  horse  exercise.  Another  person  drank  four  pints  of 
water  in  the  afternoon  after  dinner,  whereby  the  hourly 
amount  of  chlorine  towards  and  during  the  evening  rose  to 
1'89  grammes;  during  the  night  it  amounted  to  0'5 7 
grammes,  being  049  in  excess  of  the  usual  average.  On  the 
next  morning  the  same  individual  drank  again  two  pints  of 
wrater ; but,  notwithstanding  this,  the  hourly  amount  of 
chlorine  remained  below  the  normal  average  during  the 
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entire  day,  amounting  only  to  0-42  grammes,  sinking  in  the 
night  following  as  low  as  to  0014,  rising  a little  on  the 
second  morning  to  0*22  grammes,  and  falling  again  to  048 
grammes,  notwithstanding  the  person  had  eaten  a piece  of 
bread  and  butter  with  much  salt  {vide  Vogel,  p.  257). 

Upon  the  basis  of  the  above  facts  we  are  now  enabled  to 
explain  the  opinion  of  Barral,1  who  by  a series  of  very  accu- 
rate analyses,  the  substance  of  which  was  first  presented  to 
the  French  Academy,  and  subsequently  published  in  a sepa- 
rate form,  came  to  the  conclusion  that  chloride  of  sodium 
increased  the  elimination  of  the  nitrogenized  ingredients  of 
the  urine.  In  some  of  his  experiments,  Barral  determined 
the  whole  amount  of  chlorine  taken  with  the  food,  and,  on 
the  other  hand,  the  chlorine  and  urea  excreted.  If  such  a 
series  of  analyses  were  now  to  be  performed  by  the  more  accu- 
rate methods,  there  can  be  no  doubt  that  they  would  lead  to 
important  evidence  regarding  the  causes  and  influences 
determining  and  modifying  the  amount  of  chlorine  excreted 
by  the  kidneys,  particularly  if  the  faeces  and  other  excreta 
were  also  taken  into  consideration.  There  is  one  wav,  how- 
ever,  in  which  chloride  of  sodium  indirectly  increases  the 
discharge  of  urine  and  its  ingredients ; namely,  by  causing 
thirst  when  taken  in  any  quantity ; the  water  which  is 
drank  in  consequence,  acting  as  a stimulant  of  the  kidneys, 
carries  away,  not  only  the  salt,  but  also  organic  ingredients 
in  solution. 


Chlorine  of  the  Urine  in  disease. 

Since  Bedtenbaclier  drew  the  attention  of  the  medical 
world  to  the  fact  of  the  absence  of  the  chlorides  from  the 
urine  discharged  by  patients  in  certain  stages  of  pneumonia, 
and  to  the  diminution  of  these  salts  in  other  stages  of  that 
disease,  many  researches  have  been  made  in  that  direction. 
Though  at  first  they  Avere  mainly  directed  toAvards  pneumo- 
nia,2 of  which  disease  exclusively  the  absence  of  the  chlorides 
Avas  for  some  time  thought  to  be  a peculiar  feature,  yet  the 
extension  of  the  investigations  to  other  diseases  showed  soon 
that  the  bearing  of  the  chlorides  in  all  acute  diseases  Avas  so 
very  much  the  same,  that  the  idea  of  its  being  a peculiarity  of 
pneumonia  had  to  be  abandoned. 

The  result  of  many  observations  of  Vogel  and  others, 
last  of  myself,  then,  is  that  in  all  acute  febrile  diseases  the 

' Barral,  S.  A.,  ‘ Statique  chimique  des  Aniraaux,  appliquee  specialement  a la 
question  du  self  Paris,  1850. 

2 Beale,  Dr.  Lionel,  ‘Med.-Chir.  Transact.’ 
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amount  of  chlorine  discharged  in  the  urine  sinks  rapidly  to  a 
•minimum,  say  one  hundredth  part  of  the  quantity  normal  to 
the  individual,  until  at  last,  in  certain  cases,  it  disappears 
entirely  for  a short  time.  When  the  diseased  action  is  abat- 
ing, the  amount  of  the  chlorides  rises  during  convalescence, 
sometimes  above  the  normal  average.  We  liave  already  seen 
that  the  total  quantity  of  urine  has  a similar  relation  to  the 
stages  of  acute  febrile  diseases.  But  it  is  the  reverse  with 
the  colouring  matter  or  ursematine,  the  amount  of  which 
rises  and  falls  in  the  inverse  ratio  of  the  chlorine ; so  that 
when  the  latter  is  entirely  absent,  the  former  is  discharged 
in  the  largest  quantity.  U re  a,  on  the  other  hand,  though 
rising  at  first  in  amount  inversely  to  the  sinking  of  the 
amount  of  chlorine,  afterwards  sinks  below  the  healthy 
average,  and  during  convalescence  rises  parallel  with  the 
amount  of  chlorine. 

In  the  case  of  a man  suffering  from  severe  pleuro-pneumonia, 
Vogel  found  the  chlorine  sinking  rapidly  to  06  grammes  in 
twenty-four  hours  on  the  third  day  of  the  disease,  to  O’ 3 
grammes  on  the  fourth,  on  the  fifth  to  almost  0.  From 
this  day  the  diseased  action  abated,  and  the  appetite  im- 
proved, when,  together  with  these  improvements,  the  amount 
of  chlorine  discharged  rose  to  the  normal  average,  as  the 
following  figures  show:  O’ 4,  1’8,  2’6,  5’5,  9’0  grammes. 
From  this  time  the  amount  of  chlorine  fluctuated  a little, 
and  sometimes  exceeded  the  normal  average.  It  was,  on  the 
respective  days,  10’7,  13’5,  9’7,  11’9,  15’9,  10  8 grammes. 

The  same  course  has  been  established  by  the  observations 
of  Beale.  He  found  that  the  chloride  of  sodium  was  totally 
absent  from  the  urine  of  pneumonic  patients  at  the  period  of 
complete  hepatization  of  the  lung,  and  that  it  reappeared 
after  the  resolution  of  the  inflammation.  The  fact  that  the 
sputa  of  pneumonic  patients  contain  a very  large  quan- 
tity of  the  chlorides,  must  probably  be  explained  by  their 
being  in  part  extravasations  and  exudations  from  the  blood, 
which,  we  now  know,  always  retains  a certain  amount  of  the 
chlorides.  These  exudations  may  either  have  been  deposited 
at  the  time  when  the  blood  yet  possessed  an  excess  of 
chlorine,  or  they  may  have  appeared  after  the  chlorine 
had  ceased-  to  be  discharged  in  the  urine  in  apprecia- 
ble quantities.  However,  that  may  ultimately  be  decided 
by  analysis ; what  1 desire  to  point  out  is,  that  the  absence  of 
the  chlorides  in  the  urine  does  not  necessarily  involve  the 
absence  of  chlorine  from  exudations.  For  the  latter  are 
produces  of  diseased  action  derived  directly  from  stagnant 
blood,  and  certainly  not  subject  to  the  specific  laws  of  secre- 
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tion.  The  presence  of  chlorine  in  sputa,  therefore,  at  a time 
when  it  is  absent  from  the  urine,  is  not  sufficient  proof  of  a 
determination  of  the  chloride  towards  the  inflamed  lung ; a 
proposition  which,  moreover,  loses  all  probability  from  the 
partial  or  total  disappearance  from  the  urine  of  the  chloride 
in  all  acute  diseases.  We  may  mention  bronchitis,  typhus, 
acute  rheumatism,  pyaemia,  pleuritis,  as  diseases  in  which 
this  diminution  of  the  chlorides  has  been  prominently  ob- 
served. We  have  seen  the  influence  which  different  quanti- 
ties of  chlorine  taken  with  the  food  exert  upon  the  amount 
of  chlorine  discharged  by  the  urine  during  health.  It  in 
therefore  easy  to  believe  that  the  diet  of  patients  has  the 
greatest  influence  upon  the  amount  of  chlorine  in  patholo- 
gical urine ; and  that  the  chlorine  is  diminished  or  absent 
because  these  patients  take  little  or  no  food,  and  what  they 
take  generally  contains  no  salt.  One  important  point, 
however,  must  not  be  lost  sight  of ; namely,  that  urine  con- 
taining no  appreciable  trace  of  chlorine  is  secreted  from 
blood  containing  a certain  amount  of  it ; from  which  it 
follows  that  the  composition  of  the  blood  is  such  as  not  to 
allow  any  further  removal  of  chlorine,  or  that  the  kidneys 
have  lost  their  secretory  activity  as  regards  chlorine,  as  well 
as  (which  has  been  seen  to  be  the  case)  with  reference  to 
water. 

The  analvsis  of  the  amount  of  chlorine  in  the  mine  of 
patients  may,  therefore,  afford  an  insight  into  the  degree  of 
the  pathological  action  taking  place  in  the  body.  A con- 
tinuous decrease  of  chlorine  in  the  urine  is  an  indication  of 
the  growing  severity  of  the  disease,  the  intensity  of  which 
will  be  greatest  when  the  chlorine  in  the  urine  falls  to  a 
minimum,  say  0 5 grammes,  or  disappears  altogether.  This 
may  be  the  combined  effect  of  an  entire  loss  of  appetite, 
copious  serous  diarrhoea,  or  other  serous  exudations,  of 
secretions  such  as  perspirations,  and  of  the  want  of  secreting 
power  of  the  kidneys.  A rise  in  the  amount  of  chlorine,  on 
the  other  hand,  indicates  a steady  abatement  of  the  acute- 
ness of  the  disease,  and  is  a good  measure  of  the  returning 
appetite  and  improved  digestive  powers  of  the  patient. 

In  chronic  diseases  the  excretion  of  chlorine  is,  according  to 
Vogel,  generally  diminished,  correspondingly  with  the  low 
state  of  nutrition  and  moderate  appetite  of  the  patients  of 
that  class.  To  this  rule,  however,  diabetes  insipidus  makes 
an  exception — a disease,  during  the  entire  or  partial  course 
of  which  a considerable  excess  of  chlorine  is  discharged, 
parallel  to  the  increased  amount  of  other  solids.  In  a case 
of  that  description  Vogel  found  the  amount  of  chlorine  dis- 
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charged  by  the  urine  so  much  increased  for  a period,  that  on 
one  day  it  was  29'0  grammes  in  weight.  The  same  observer 
found  that  dropsical  patients,  when  under  the  influence  of 
diuretics,  discharged  an  increased  amount  of  chlorine,  which 
evidently  had  passed  into  the  tissues  and  cavities  dissolved  in 
the  exudations  and  transudations.  One  of  these  patients 
discharged  33  0 grammes  of  chlorine  (equal  to  550  grammes 
of  chloride  of  sodium),  28-0  grammes,  and  21  grammes  of 
chlorine,  on  three  successive  days  without  having  taken  any 
more  salt  than  usual  with  his  food.  In  these  and  other 
chronic  cases  the  amount  of  chlorine  in  the  urine  is  a mea- 
sure of  the  digestive  powers  of  the  patient.  A quantity  of 
chlorine,  amounting  to  from  6 to  10  grammes  for  twenty- 
four  hours,  may  lead  us  to  infer  a good  digestion ; a quantity 
of  chlorine,  however,  below  5 grammes  for  the  same  time, 
shows  impaired  nutrition,  provided  that  the  decrease  have 
not  been  preceded  by  a diet  containing  little  or  no  chlorine, 
or  by  any  of  the  causes  which  have  been  above  enumerated 
as  diminishing  the  amount  of  chlorine  in  the  blood,  such 
as  serous  diarrhoea,  exudations,  and  perspirations.  An  increase 
in  the  amount  of  chlorine,  when  not  caused  by  an  excessive 
ingestion  with  the  food,  is  indicative  of  diabetes  insipidus. 
In  dropsical  and  hydrsemic  conditions,  an  increase  of  the 
amount  of  chlorine  is  a favorable  symptom.  ( Vide  Vogel, 

p.  260.) 
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SULPHURIC  ACID  AND  SULPHATES. 


The  chemical  characters  of  sulphuric  acid  are  so  well 
known,  that  it  is  scarcely  necessary  to  advert  to  them  here 
for  the  purpose  of  establishing  its  diagnosis.  There  is  one 
test  which  distinguishes  sulphuric  acid  from  all  other  sub- 
stances that  may  occur  in  the  urine,  namely,  that  with  a 
common  soluble  salt  of  baryta  it  forms  a precipitate,  which  is 
not  soluble  in  any  acid,  and  has  the  good  property  of  being 
distinctly  visible  when  present  in  the  smallest  quantity.  But, 
though  we  may  be  able  to  ascertain  the  amount  of  sulphuric 
acid  discharged  in  the  urine,  yet  we  have  at  present  no  means 
of  ascertaining  the  bases  with  which  it  is  combined.  It  has 
been  a general  practice  in  analytical  chemistry,  separately  to 
determine  the  acids  and  bases,  and  afterwards  to  distribute 
them  according  to  the  principle  that  the  strongest  acid  takes 
the  strongest  base.  But  since  it  has  been  shown  that  this 
affinity  is  not  the  same  under  all  circumstances,  that  mix- 
tures and  dilutions  will  materially  alter  it,  we  had  better 
discontinue  such  a mode  of  arranging  the  constituting  acids 
and  bases  according  to  their  ordinary  strength  of  affinity,  and 
express  in  separate  amounts  the  acids,  leaving  it  undecided 
with  which  base,  or  with  what  amount  of  base,  they  may 
have  been  combined. 

Formula  : SO;>,  + HO,  being  the  hydrate  of  sulphuric  acid. 

Equivalent : 16  0 sulphur. 

24 '0  oxygen. 


40  0 sulphuric  acid. 
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Method  of  determining  the  amount  of  Sulphuric  Acid  in  Urine 
by  Volumetrical  Analysis. 

This  proceeding  originated  with  Gay-Lussac,  and  has  for  a 
length  of  time  only  been  used  for  testing  the  alkalies  of 
commerce  for  their  impurities.1  It  has,  however,  been  adapted 
to  the  analysis  of  the  urine  by  different  chemists ; the  adapta- 
tion consisting  in  giving  to  the  test-fluid  a sufficient  degree  of 
dilution  corresponding  to  the  small  amount  of  sulphuric  acid 
contained  in  urine. 

The  proceeding  consists  in  adding  to  a measured  quantity 
of  urine  a solution  of  chloride  of  barium  of  known  strength, 
until  a precipitate  is  no  longer  produced. 

Preparation  of  test-fluid. — One  equivalent  of  the  test-fluid 
is  to  contain  just  so  much  barium  as  is  required  to  neutralize 
10  milligrammes  of  sulphuric  acid.  For  that  purpose  we 
pulverize  crystallized  chloride  of  barium  (of  the  formula 
ClBa+2HO;  equivalent  Cl= 35 -4,  Ba=68‘6,  2Aq=18  = 122), 
and  expose  it  to  the  air  until  it  no  longer  loses  water.  Of 
this  powder,  30‘ 5 grammes  are  dissolved  in  so  much  water 
that  the  solution  will  amount  to  1 litre.  Of  this  solution 
1 c.c.  will  precipitate  10  milligrammes  of  anhydrous  sulphuric 
acid. 

Neubauer  gives  a ten  times  more  dilute  solution,  for  the 
purpose  of  finishing  the  analysis  where  great  accuracy  is 
desired.  It  is  made  by  mixing  100  c.c.  of  the  solution 
described  with  900  c.c.  of  water.  Of  this  dilute  solution, 
1 c.c.  is  required  for  precipitating  1 milligramme  of  sulphuric 
acid. 

Application  of  the  test-fluid  to  urine. — One  hundred  cubic 
centimetres  of  the  urine  to  be  examined  are  measured  into  a 
balloon,  acidulated  with  20  or  30  drops  of  hydrochloric  or 
nitric  acid,  and  heated  to  the  boiling  point.  The  balloon 
best  suited  for  that  purpose  is  a Florence  oil  flask.  The 
graduated  solution  of  baryta  is  now  added  to  the  boiling  urine 
in  small  portions  ; and  before  every  fresh  addition  of  solution, 
the  fluid  is  allowed  to  rest,  for  the  subsidence  to  the  bottom 
of  the  precipitate  formed.  When  the  upper  strata  of  the 
fluid  in  the  flask  have  become  clear,  more  of  the  test-fluid 
may  be  added,  and  so  on,  as  long  as  a fresh  addition  of  test- 
fluid  produces  a turbidity  in  the  clear  upper  strata.  But 
when  it  becomes  doubtful  whether  any  precipitate  is  yet  formed 


' Schwarz,  ‘Die  Maassanalysen,’  p.  21. 
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or  not,  it  becomes  necessary  to  filter  a small  portion  of  the 
mixture,  and  to  test  it  separately  with  a drop  of  the  test-fluid 
in  a very  small  test-tube.  If  a precipitate  be  still  produced, 
the  whole  amount  filtered  must  be  poured  back  to  the  total 
quantity  employed  for  the  analysis,  and  a new  quantity  of 
test-fluid  must  be  added,  and  so  on,  until  a new  filtration 
shows  that  there  is  no  more  sulphuric  acid  in  solution.  We 
have  now  to  ascertain  that  no  excess  of  the  solution  of  baryta 
has  been  added  to  the  mixture ; this  is  found  by  adding  a 
drop  of  a solution  of  sulphate  of  potash.  If  neither  solution 
of  chloride  of  barium,  nor  of  sulphate  of  potash,  produce  any 
precipitate  in  separate  portions  of  the  filtered  liquid,  the 
analysis  is  perfect. 

It  is,  however,  very  difficult  to  arrive  at  this  point,  because 
there  is  no  means  of  preventing  the  addition  of  an  excess  of 
the  solution  of  baryta.  As  soon,  however,  as  an  excess  has 
been  added,  a new  experiment  becomes  necessary.  In  con- 
ducting this,  we  have  the  advantage  of  knowing,  from  the 
first  experiment,  that,  after  the  addition  of,  say  10  c.c.,  there 
was  yet  sulphuric  acid  uncombined  with  baryta,  and  that, 
after  the  addition  of  another  cubic  centimetre,  there 
was  an  excess  of  barium  present.  The  truth  therefore  lies 
between  10  and  11  c.c.  of  test-fluid,  and  the  urine  used  con- 
tains from  100  to  110  milligrammes  of  sulphuric  acid.  Such 
a fact  is  sufficiently  accurate  for  ordinary  medical  purposes. 
If  we  desire  to  make  the  analysis  quite  correct  by  a second 
analysis,  we  at  once  add  to  the  100  c.c.  of  acidulated  boiling 
urine  10  c.c.  of  test-fluid,  and  complete  the  analysis  with  the 
dilute  test-fluid  in  the  manner  described.  For  calculation, 
the  quantities  of  the  two  test-fluids  used  are  simply  added, 
with  the  caution  of  putting  the  figures  for  the  dilute  fluid  one 
decimal  further  back,  and  taking  it  into  account  as  concen- 
trated. 


Direct  analysis  of  Sulphuric  Acid. 

One  hundred  cubic  centimetres,  or  any  measured  quantity 
of  filtered  urine,  are  acidulated  with  some  hydrochloric  acid, 
and,  by  the  addition  of  chloride  of  barium  in  excess,  the  whole 
amount  of  sulphuric  acid  is  precipitated.  The  precipitate  is 
then  boiled  for  some  minutes  in  the  acid  fluid,  filtered,  washed, 
and  exposed  to  a red  heat,  the  filter  being  incinerated  sepa- 
rately on  the  cover  of  the  platinum  crucible.  BaO  + S03 
: S03=116’5  (116-59,  Neubauer)  : 40  (Will.) 

To  prevent  the  formation  of  sulplmret  of  barium  by  the 
reducing  influence  of  any  animal  matter  which  may  have 
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been  intimately  mixed  with  the  precipitate,  it  is  advisable  to 
add  a little  sulphuric  acid  to  the  sulphate  in  the  crucible, 
after  it  has  got  cool  from  the  first  heating.  It  is  then 
again  heated  for  a short  time,  and,  after  cooling,  may  now  be 
weighed. 


Quantity  of  Sulphuric  Acid  discharged  by  healthy  persons 
during  twenty-four  hours. 

The  results  of  the  best  observations  are  put  together  in  the 
following  table  : 


Observer. 

Persons  upon  whom  the  observation  was  made. 

Min. 

Med. 

Max. 

Gruner1  . 

7 young  gentlemen,  at  Giessen 

Gramm 

1-509 

Gramm. 

2-094 

Gramm. 

2-485 

1 kilogramme  of  weight  of  body  there- 1 

2-04 

3-1  0 

3-73 

1-35 

fore  discharge  . . . . J 

100  centimetres  of  length  „ 

0-85 

1-18 

Clare2 

A young  gentleman  at  Dorpat,  medium  1 
of  15  days  . ...  ] 

1-858 

2-288 

2-973 

Neubauer3 

J 2 young  gentlemen  \ 1st  aver,  of  17  days 

1-90 

2-48 

3-21 

at  Wiesbaden  J 2d  „ 22  ,, 

1-7  0 

2-27 

3-20 

From  these  observations  it  follows  that  the  average  amount 
of  sulphuric  acid  discharged  during  twenty-four  hours,  by 
healthy  young  men,  fluctuates  between  1‘5  and  2*5  grammes. 
Vogel  and  Gruner  have  made  some  direct  observations  of  the 
quantities  of  sulphuric  acid  secreted  during  every  single  hour 
of  the  day,  and  have  found  the  average  of  one  hour  to  be 
0*090  grammes. 

The  average  for  every  single  hour  of  the  forenoon  they 
found  0*063  grammes,  for  one  hour  of  the  afternoon  0*108 
grammes,  for  one  hour  of  the  night  0*070  grammes.  From 
this  Vogel  abstracts  the  general  law  that  the  largest  amount 
per  hour  of  sulphuric  acid  is  discharged  a few  hours  after  the 
principal  meal  of  the  day.  The  quantity  then  begins  to  decrease, 
and  continues  so  with  every  hour  up  to  the  principal  meal  of  the 
next  day,  after  which  it  again  rises. 

In  some  individuals  the  discharge  of  sulphuric  acid  is  ef- 
fected more  rapidly  than  in  others,  in  whom  the  total  average 

1 Gruner,  Gottlieb,  ‘ Die  Ausscheidung  der  Schwefelsaure  durch  den  Ilarn,’ 

Giessen,  1852. 

3 Clare,  Waldemar,  ‘ Experimenta  de  excretione  acidi  sulfurici  per  urinam, 
Dorpati  Livonorum,  1854. 

3 Vide  Vogel,  ‘Semiotic,’  p.  261. 
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for  the  twenty-four  hours  is  spread  more  equally  over  that 
time.  The  former  may  have  an  hourly  average  varying  be- 
tween 0‘317  grammes  and  0-016  grammes,,  or  between  0-165 
grammes  and  so  small  a quantity  that  it  cannot  be  deter- 
mined. 


Physiological  origin  of  Sulphuric  Acid. 

Though  the  analysis  of  food  has  shown  that  a certain 
amount  of  sulphuric  acid  in  the  form  of  sulphates  is  being- 
taken  daily,  yet  this  is  not  sufficient  to  account  for  the  whole 
amount  discharged  by  the  urine.  This  excess  of  sulphuric 
acid  over  the  amount  ingested  as  such,  is  undoubtedly  due  to 
the  oxydation  in  the  body  of  the  sulphur  which,  as  we  know, 
enters  into  the  constitution  of  albuminous  substances.  But 
as  the  greater  part  of  our  albumen  is  taken  in  the  form  of 
meat,  it  is  a reasonable  supposition  that  the  greater  part  of 
the  sulphuric  acid  in  the  urine  of  well-living  people  is  due  to 
the  oxydation  of  the  sulphur  contained  in  the  meat  they  eat. 
In  accordance  with  this  it  has  been  found  that,  under  a diet 
consisting  principally  of  meat,  the  amount  of  sulphuric  acid 
discharged  in  the  urine  may  be  double  or  three  times  the 
amount  of  the  ordinary  average.  On  the  other  hand,  a purely 
vegetable  diet  has  been  found  to  make  the  amount  of  sul- 
phuric acid  sink  considerably  below  the  average  under 
ordinary  mixed  diet.  Lehmann,  while  living  on  ordinary 
mixed  food,  found  7"026  grammes  of  sulphuric  acid  in  the 
urine  of  twenty-four  hours.  But  when,  during  twelve  suc- 
cessive days,  he  confined  himself  to  animal  food  exclusively, 
the  sulphuric  acid  rose  to  10’399  grammes  per  day. 
Under  an  exclusively  vegetable  diet  it  fell  to  5-846  grammes 
for  twenty-four  hours.  These  quantities  are  very  high,  and, 
like  the  rest  of  Lehmann’s  observations  upon  himself,  do  not 
permit  any  conclusion  as  to  the  average  quantities  of  ordinary 
mortals  with  a slighter  appetite.  But  in  itself  the  experiment 
is  as  conclusive  as  the  following  ones.  Vogel  examined  the 
urine  of  a person  whose  ordinary  average  for  twenty-four 
hours  was  2 -0.2  grammes  of  sulphuric  acid.  That  person  took 
a large  supper  of  meat  principally,  in  consequence  of  which 
the  discharge  of  sulphuric  acid  by  the  urine  rose  to  050 
grammes  per  hour  between  midnight  and  nine  o’clock  next 
morning  ;v  the  ordinary  average  per  hour  for  that  time  of  the 
day  having  been  0-10.  During  the  subsequent  twenty-four 
hours  the  amount  of  sulphuric  acid  rose  to  7 3 grammes, 
being  more  than  three  times  the  ordinary  average  of  2-02 
grammes.  It  was  observed  by  Vogel  that  the  rise  and  fall  of 
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the  amount  of  sulphuric  acid  in  the  urine  of  several  other 
persons  was  mainly  dependent  upon  the  amount  of  sulphur 
taken  with  their  albuminous  food  ; and  that  when  farinaceous 
food,  containing  only  a small  amount  of  gluten,  such  as  bread 
and  butter,  rice,  and  similar  food,  was  taken,  the  amount  of 
sulphuric  acid  in  the  urine  fell.  The  same  observation  was 
made  by  Clare,  in  a series  of  experiments  which  he  performed 
upon  himself.  During  three  days  he  lived  on  meat  only,  and 
at  the  end  of  those  three  days  he  had  discharged  the  re- 
spective amounts  of  sulphuric  acid  as  follows  : on  the  first 
day,  2-094  grammes;  on  the  second  day,  5*130  grammes;  on 
the  third  day,  3-868  grammes.  He  then,  during  two  days, 
ate  common  mixed  diet,  and  discharged,  on  the  fourth  day  of 
the  experiment,  3-592  grammes ; and  on  the  fifth,  2*262 
grammes,  of  sulphuric  acid.  The  next  three  days  lie  re- 
stricted himself  to  vegetable  diet,  and  discharged,  on  the  sixth 
day  of  the  experiment,  2-262  grammes  ; on  the  seventh,  1 394 
grammes;  on  the  eighth,  1-022  grammes.  On  the  ninth 
and  tenth  day  he  again  took  his  ordinary  diet,  and  secreted 
1*979  and  2*859  grammes  of  sulphuric  acid  on  each  day  re- 
spectively. 


Table  showing  the  influence  of  diet  upon  the  amount  of 
Sulphuric  Acid  discharged  in  the  Urine  {from  Clare’s 
experiments') . 


Day  . . . 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Diet  . . . 

Meat  diet. 

Ordinary 

mixed. 

Vegetable  exclu- 
sively. 

Ordinary 

mixed. 

S03  + HO  . 

2-094 

5-130 

3*868 

3-592 

2-262 

2-262 

1-394 

1-022 

1-979 

2-859 

This  table  exhibits  quite  clearly  that  the  influence  of  the 
meat  diet  showed  itself  on  the  second  day  of  the  experiment 
only,  in  which  point  the  observation  differs  from  that  of 
Vogel,  in  which  the  rise  in  the  quantity  of  sulphuric  acid 
took  place  already  during  the  night  and  on  the  morning 
following  the  meat  supper.  However,  this  later  appearance 
of  the  increase  is  compensated  for  by  its  lasting  so  much 
longer,  that  the  urine  of  the  fourth  day,  being  the  first  of  the 
ordinary  mixed  diet,  is  yet  under  the  influence  of  the  meat 
diet  of  the  previous  day,  the  first  day  of  vegetable  diet  is  yet 
under  the  influence  of  the  previous  day  of  mixed  diet,  and  the 
diminution  of  the  sulphuric  acid  by  the  vegetable  diet  lasts 
yet  over  the  whole  ninth  day,  when  ordinary  diet  was  already 
taken. 
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We  have  now  sketched  the  circumstances  on  which  the 
amount  of  sulphuric  acid  in  the  urine  is  ordinarily  dependent. 
There  may,  however,  be  accidental  causes  which  increase  the 
sulphuric  acid,  and  as  these  must  be  assigned  the  internal 
use  of  sulphur,  sulphurets,  sulphuric  acid,  and  sulphates. 

The  internal  use  of  sulphur  has  been  found  by  Krause1  to 
increase  the  amount  of  sulphuric  acid  in  the  urine. 

It  was  observed  by  Boecker  and  Clare  that  large  doses  of 
red  sulphuret  of  antimony  caused  a rise  in  the  amount  of 
sulphuric  acid  in  the  urine. 

The  action  of  the  sulphuretted  mineral  waters,  which  is 
generally  ascribed  to  the  formation  of  sulphuric  acid  in  the 
body,  forms  an  interesting  subject  for  inquiry  in  this 
direction. 

As  to  sulphuric  acid,  it  was  observed  by  Vogel  that  it 
increased,  in  the  urine  of  a patient  Avho  had  taken  it  for  the 
cure  of  hsemoptoe,  from  T2  to  30  and  3'28  grammes. 

Gruner  made  some  observations  regarding  the  influence  of 
sulphates,  and  found  that  sulphate  of  soda,  when  taken 
internally,  caused  a considerable  increase  in  the  amount  of 
sulphuric  acid  in  the  urine.  In  one  experiment  the  hourly 
quantity  rose  from  O’ 049  grammes  to  0T22,  0T  76,  0T45,  and 
0'220  grammes.  In  another  experiment  the  rise  was  equally 
well  marked,  namely,  from  0*041  grammes  to  O']  38,  0T22,  and 
0T64  grammes.  The  time  required  by  the  organism  to  dis- 
charge the  excess  of  sulphuric  acid  varied  in  different 
experiments. 

The  influences  which  different  physiological  conditions  of 
the  body  may  have  upon  the  amount  of  sulphuric  acid  in  the 
urine  it  has  not  yet  been  possible  to  ascertain.  We  do  not 
know  whether  the  organism  requires  a certain  amount  of 
the  sulphates,  below  which  secretion  cannot  be  carried  on,  or 
whether  sulphates  may  be  retained  and  accumulated  in  the 
economy.  The  influences  of  rest  and  activity,  and  of  the 
ingestion  of  large  quantities  of  water  into  the  stomach,  did 
not  appear  materially  to  affect  the  amount  of  sulphuric  acid 
in  the  urine,  according  to  some  experiments  of  Clare  and 
Gruner.  Vogel,  however,  believes  it  probable  that  such 
influences  exist,  that  the  secretory  activity  for  sulphuric  acid 
is  dependent  upon  certain  individual  and  cosmic  influences; 
a conclusion  to  which  avc  are  led  by  the  fact  that  different 
persons  oxydize  and  discharge  (supposing  it  to  be  discharged 
as  soon  as  formed)  the  sulphur  taken  Avith  their  albuminous 
food  Avith  different  degrees  of  rapidity,  and  that  the  secretion 


1 Krause,  A.,  ‘ De  transitu  Sulfuris  in  Urinam,’  Dorpati,  1855. 
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of  sulphates  in  any  form  in  some  is  spread  over  a longer 
period  of  time  than  in  others.  Vogel,  also,  from  observation, 
is  of  opinion  that  the  prolonged  use  of  sulphates  in  digestive 
doses  is  decidedly  weakening,  and  believes  it  probable  that 
this  depressing  action  may  be  due  to  an  accumulation  of  the 
salts  in  the  system.  When  to  this  it  is  added  that  sulphate 
of  soda  in  larger  doses  is  an  emetic  and  sulphate  of  potash  a 
poison,  the  question  into  the  influence  of  sulphuric  acid  and 
sulphates  in  the  urine  becomes  one  of  sufficient  importance  to 
fix  the  attention  of  future  inquirers. 

Quantity  of  Sulphuric  Acid  in  disease. 

The  observations  hitherto  made  on  this  point  have  not 
yielded  any  very  decided  result.  Vogel  found  sulphuric  acid 
considerably  diminished  in  most  acute  febrile  diseases.  As 
patients  suffering  from  these  diseases  take  little  food,  and 
that  little  mostly  of  a vegetable  nature,  the  diminution  is 
partly  accounted  for.  The  same  observer  found,  however, 
exceptions  to  his  general  rule,  in  three  patients  affected  with 
violent  pneumonia.  In  these  cases  the  amount  of  sulphuric 
acid  discharged  was  considerably  above  the  normal  average. 
The  first  patient,  who  was  treated  with  large  doses  of  digitalis, 
secreted  the  following  quantities  of  sulphuric  acid  on  nine 
respective  days:  2*4,  3T,  2*9,  5%  4*3,  1*8,  14,  1*6,  2*7 
grammes.  Of  the  two  other  cases,  which  took  a rapidly  fatal 
turn,  the  first  showed  the  amount  of  sulphuric  acid  to  be 
2*9  and  1*4  grammes  on  two  respective  days,  the  other  on  the 
day  of  decease  4*4  grammes.  On  contrasting  these  figures  with 
those  obtained  in  cases  where  the  amount  of  sulphuric  acid 
is  less,  the  difference  becomes  very  striking.  In  a man  with 
diphtheritis  buccalis  Vogel  found  only  0*5  grammes  of 
sulphuric  acid  for  the  day.  In  a patient  with  febrile  catarrh 
it  was  0*29  and  0*38  grammes.  A man  affected  with  pleuritis 
secreted  0*63  grammes.  A girl  suffering  from  rheumatic  fever 
discharged  0*8  grammes  at  the  height  of  the  disease,  another 
with  erysipelas  of  the  face  0*48  grammes. 

In  chronic  diseases  Vogel  found  the  amount  of  sulphuric 
acid  to  be  variable,  but  mostly  below  the  normal  average ; 
and  it  remained  so  in  cases  where  the  secretion  of  chlorides 
could  be  vastly  increased  by  administering  diuretics,  as  in 
cases  of  dropsy.  An  increase  in  the  amount  of  sulphuric 
acid  discharged  by  patients  affected  with  chronic  disease 
could  onlv  be  observed  after  the  ingestion  into  the  stomach 

v o ^ 

of  sulphuric  acid  and  sulphates,  and  in  diabetic  patients  after 
a liberal  meal  of  meat. 
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Thus  a patient  labouring  under  icterus  secreted  1 ‘4  grammes 
of  sulphuric  acid ; a case  of  rheumatism  of  the  neck  gave 
I'll;  a case  of  emphysema  of  the  lungs,  1*2  grammes.  A 
case  of  amenorrhoea  showed  05 ; of  fluor  albus,  07 ; of 
habitual  hypermenorrlioea,  097  and  IT  grammes.  A dropsical 
patient  who,  under  the  influence  of  diuretics,  secreted  33 
grammes  of  chlorine  during  twenty-four  hours,  discharged 
only  1 gramme  of  sulphuric  acid  during  the  same  time ; and  on 
the  day  following,  with  28  grammes  of  chlorine,  only  0‘ 5 
grammes  of  sulphuric  acid.  A patient,  who  took  sulphuric  acid 
internally,  secreted  more  than  30  grammes  of  it  during 
twenty- four  hours,  and  a patient  affected  with  diabetes  insi- 
pidus discharged  52  grammes. 

Pathological  indications. 

If  there  can  be  no  doubt  about  the  origin  of  sulphuric  acid, 
the  determination  of  its  quantity  in  the  urine  must  be  useful 
for  determining  the  amount  of  disintegration  of  albuminous 
matters  in  the  system,  in  cases  where  the  ingestion  of  sulphur 
in  any  form  or  combination  is  very  low  or  altogether  sus- 
pended. The  amount  of  sulphuric  acid  would  then,  perhaps, 
correspond  in  a certain  degree  with  the  amount  of  urea, 
supposing  their  inclination  to  pass  the  kidneys  to  be  equally 
great.  But  upon  this  point  there  are  yet  doubts.  Where 
we  find  both  urea  and  sulphuric  acid  in  increased  quantities, 
we  may  be  sure  that  it  is  due  to  the  oxydation  of  a large 
quantity  of  animal  matter  introduced  into  the  stomach,  to 
animal  or  meat  diet.  A considerable  diminution  of  the 
quantity  of  sulphuric  acid,  on  the  other  hand,  indicates  that 
the  patient  has  been  taking  little  or  no  animal  food,  little  or 
no  vegetable  food,  or  no  food  at  all.  Of  course,  all  these 
features  may  be  constant  or  accidental.  A sudden  rise  in 
the  amount  of  sulphuric  acid,  but  of  short  duration,  would, 
under  all  circumstances,  have  to  be  referred  to  the  ingestion 
of  sulphur  in  some  of  its  combinations,  organic  or  inorganic. 

The  relations  of  sulphuric  acid  to  the  processes  of  the 
animal  economy  are  by  no  means  simple.  Introduced  in  an 
organic  combination,  sulphur  becomes  oxydized,  and  in  the 
form  of  the  acid  has  to  join  a base.  It  would,  of  course, 
deprive  another  base  of  its  acid  by  the  right  of  the  stronger. 
The  neutral  phosphates  are  thus  most  probably  deprived  of 
some  part  of  their  base. 

Sulphuric  acid  or  sulphates  are  not  present  in  the  juices  of 
flesh,  as  was  first  ascertained  by  Berzelius,  and  afterwards 
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confirmed  by  Liebig.1  For  tbe  precipitate  which  baryta 
causes  in  tbe  juice  is,  in  many  cases,  entirely  soluble  in 
nitric  acid ; and  if  a precipitate  of  sulphate  of  baryta  remain 
undissolved,  its  quantity  is  so  small,  that  it  cannot  be  deter- 
mined by  analysis,  even  from  so  large  a quantity  of  flesh  as 
that  of  an  entire  fowl  or  an  entire  fox. 

The  analyses  of  the  quantity  of  sulphuric  acid  in  the  blood 
will  have  to  be  repeated  without  incineration,  which,  as  we 
have  seen,  destroys  the  relative  proportions  of  acids  and 
bases  in  the  salts  of  the  alkalies.  The  production  of  sul- 
phuric acid  then  being  apparently  confined  to  the  blood,  it 
becomes  a question  of  high  importance,  whether  the  action 
of  the  kidneys  does  not  in  part  consist  in  the  final  oxydation 
or  that  stage  of  disintegration  of  albuminous  matter,  in  which 
sulphur,  in  the  form  of  sulphuric  acid,  leaves  the  organic 
combination,  joins  a base,  and  appears  in  the  urine.  This 
influence  of  sulphuric  acid  (the  produce  of  the  oxydation  of 
the  sulphur  in  albuminous  substances)  in  producing  in  part 
the  acid  reaction  of  urine  was  first  pointed  out  by  Liebig.2 

Albumen  contains  L6  per  cent,  of  sulphur  and  04  per  cent, 
of  phosphorus.3  White  of  eggs  contains  more  sulphur  than 
albumen  from  blood.4  Casein  contains  084  per  cent,  of  sul- 
phur. We  may  trust  soon  to  know  all  intermediate  stages 
of  matter  from  albumen  down  to  urea  and  sulphuric  acid, 
when  the  analysis  of  these  substances  in  the  urine  null  be  of 
still  greater  value  than  even  at  present  we  anticipate. 

1 ‘ Chem.  Unters.  iiber  das  Fleisch,’  p.  76. 

2 ‘ Ann.  d.  Chem.  und  Pharm.,’  1.  p.  181,  et  seq. 

3 Vide  Gortip-Besanez,  loc.  cit.,  p.  51,  et  seq. 

4 Liebig,  loc.  cit.,  p.  21. 
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It  is  well  known  that  phosphorus  was  first  obtained  from 
urine  by  Brandt  (1669).  This  substance  occurs  naturally 
only  in  the  form  of  the  tribasic  phosphoric  acid,  and  in  com- 
bination with  organic  substances.  In  these  two  forms  it  is 
met  with  in  all  organized  bodies.  It  is  an  invariable  ingre- 
dient of  all  food,  and  enters  largely  into  the  composition  of 
all  parts  of  the  animal  and  human  body. 

In  the  urine  phosphorus  occurs  only  as  the  acid,  and,  in 
combination  with  soda,  lime,  and  magnesia,  forms  a regular 
constituent  of  that  fluid. 

Phosphoric  Acid.  Composition,  Equivalent,  Formula . 

The  common  or  tribasic  phosphoric  acid  has  the  composi- 
tion P06-f3H0.  This  formula  expresses  the  equivalent  of 
1 equiv.  phosphorus  . . P = 31136 

8 ditto  oxygen  . . 08  = 64*000 

3 ditto  hydrogen  . . Il  ( = 3 000 

1 equivalent  of  phosphoric  acid,  = 98*436 

The  theory  which  assumes  P to  be  a double  atom,  and  the 
single  atomic  weight  = 15*718,  uses  P2  as  the  symbol 
for  the  above  equivalent  of  phosphorus.  This  is  an  expla- 
nation to  the  reader,  should  he  find  himself  embarrassed  by 
the  formulae  of  different  authors. 

Physical  properties. 

Phosphoric  acid  may  be  obtained  in  crystals  forming  qua- 
drangular or  hexagonal  prisms  of  a transparency  like  glass,  or 
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as  a syrupy  fluid.  When  heated  to  320°  F.,  it  begins  to  lose 
water,  and,  at  a temperature  of  415*4°  F.,  is  transformed  into 
pyrophosphoric  acid,  P05  + 2H0.  When  heated  still  more, 
it  loses  another  equivalent  of  HO,  and  is  then  metaphos- 
plioric  acid,  P05  + IIO.  When  exposed  to  red  heat  in  an 
open  platinum  capsule,  it  is  volatilized. 

Chemical  properties. 

Phosphoric  acid  is  easily  soluble  in  water  and  alcohol  or 
spirits  of  wine,  and  its  solutions  exhibit  a strongly  acid 
reaction.  Solutions  of  albumen,  chloride  of  barium  or 
calcium,  do  not  cause  any  precipitate  in  solutions  of  phos- 
phoric acid ; the  solutions  of  caustic  baryta,  strontia,  or  lime, 
when  added  in  excess,  produce  a white  precipitate. 

With  the  basic  oxydes  phosphoric  acid  has  great  affinity, 
and  forms  with  them  the  phosphates,  which  may  contain  one, 
two,  or  three  equivalents  of  almost  any  of  the  common  bases, 
instead  of  any  of  the  three  equivalents  of  water.  Thus  we 
may  have  in  the  urine  : 

Phosphates  of  Alkalies. 

Phosphate  of  soda  with  two  equivalents  of  base  and  one  of 
water,  P05,  2NaO  + HO  (alkaline)  may  occur  abnormally  in 
the  alkaline  urine  of  chlorosis. 

Ammonio -phosphate  of  soda,  P05  +NaO  +NH40  + HO 
+ 8FIO. 

Acid  phosphate  of  soda,  P05-(-Na0  P2HO. 

Phosphates  of  the  Alkalies  and  Earths. 

Ammonio-phosphate  of  magnesia,  P05+ 2Mg0  + NH40 
+ 12HO 


Phosphates  of  the  Alkaline  Earths. 

Phosphate  of  lime  (acid),  P05+2Ca0  + H0. 

Phosphate  of  magnesia,  P05+2Mg0  + H0. 

Of  these,  the  phosphates  of  the  alkalies  are  easily  soluble 
in  water ; the  others  are  scarcely  soluble,  or  altogether  inso- 
luble. They  all  dissolve  in  nitric  or  hydrochloric  acid.  The 
phosphates  of  the  alkaline  earths,  when  newly  precipitated, 
are,  moreover,  soluble  in  acetic  acid.  The  solution  of  an 
earthy  phosphate  in  an  acid,  when  neutralized  with  an  alkali, 
throws  down  a precipitate  of  the  original  phosphate,  which  is 
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insoluble  in  an  excess  of  the  alkali.  The  insoluble  phosphates 
are,  as  a rule,  soluble  in  an  excess  of  a solution  of  any  salt 
from  which  they  have  been  precipitated  by  phosphate  of  soda  j1 
this  solution  becomes  very  turbid  by  heating,  and  clears  again  on 
cooling? 

With  the  common  soluble  phosphates,  nitrate  of  silver 
produces  a yellow  precipitate  (P05  + 3AgO),  which  is  soluble 
in  nitric  acid,  and  in  ammonia.  Acetate  of  lead  produces  a 
white  precipitate  (P05  + 3Pb0),  which  is  soluble  in  nitric 
acid,  but  insoluble  in  acetic  acid  and  in  ammonia.  If 
chlorides  are  present,  the  precipitate  contains  chloride  of  lead 
in  chemical  combination. 

Chloride  of  barium  and  chloride  of  calcium  produce 
white  precipitates  with  the  soluble  phosphates  (P05  + 3Ba0 
and  P05+3Ca0),  each  readily  soluble  in  hydrochloric,  nitric, 
or  acetic  acid. 

When  a solution  of  phosphate  of  lime  in  acetic  acid  is 
allowed  to  stand  some  time,  the  phosphate  has  a great  incli- 
nation to  fall  down  from  this  solution  in  a crystalline  state, 
particularly  when  the  mixture  is  warmed  a little,  and  when 
the  phosphate  is  prevalent.  Phosphate  of  lime  is  somewhat 
soluble  in  water  containing  carbonic  acid,  and  in  salts  of 
ammonia,  even  when  free  ammonia  is  present.  From  its 
solution  in  acetic  acid,  or  from  its  solution  in  hydrochloric 
acid  when  mixed  with  acetate  of  soda  (which  is  virtually  a 
solution  in  acetic  acid,  because  hydrochloric  acid,  combining 
with  the  soda,  sets  acetic  acid  free,  which  is  now  the  solvent 
for  the  phosphate  of  lime),  oxalate  of  ammonia  throws  down 
the  whole  amount  of  lime  as  oxalate  of  lime.  From  its 
solution  in  hydrochloric  or  nitric  acid,  the  entire  amount  of 
lime  may  be  precipitated  by  means  of  sulphuric  acid  and 
alcohol.  These  reactions  are  the  bases  for  the  quantitative 
analysis  of  lime  in  ashes  and  the  earth  of  bones. 

A mixture  of  sulphate  of  magnesia,  or  chloride  of  magne- 
sium, with  chloride  of  ammonium  and  ammonia,  produces  a 
crystalline  precipitate  in  soluble  phosphates,  which  has  the 
composition  P05  + 2Mg0,  NH40  + 12H0,  is  easily  soluble  in 
all  acids,  somewhat  soluble  in  pure  water,  and  perfectly  in- 
soluble in  water  containing  ammonia,  even  if  a large  amount 
of  any  salt  of  ammonia  should  be  present.  This  precipitate, 
after  exposure  to  red  heat,  is  of  the  composition  POr,-f  2MgO, 
and  is  the  qualitative  and  quantitative  test  for  phosphoric 
acid  (in  absence  of  arsenic  acid)  in  all  combinations,  which 
are  soluble  in  water,  the  watery  solution  of  which  does, 

1 Enderlin,  ‘Ann.  d.  Chem.  und  Pharm.,’  1844,  p.  320. 

2 Dr.  G.  Owen  Rees,  ‘ Guv’s  Hospital  Rep.,’  vol.  i,  p.  402. 
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however,  not  become  turbid  by  admixture  of  a solution  of 
chloride  of  ammonium  and  ammonia.  In  very  dilute  solu- 
tions the  precipitate  forms  only  slowly.  When  the  solution 
contains  tartaric  acid  and  oxyde  of  iron,  some  tartrate  of 
magnesia  and  oxyde  of  iron  may  easily  be  mixed  with  the 
precipitate. 

Chloride  of  iron  produces  in  solutions  of  phosphates  a 
yellowish-white  precipitate  of  P05  + Fe20a,  which  is  soluble 
in  hydrochloric  acid,  in  an  excess  of  chloride  of  iron,  in 
acetate  of  iron,  and  in  ammonia.  This  precipitate  is,  however, 
quite  insoluble  in  acetic  acid,  and  will,  for  this  reason,  form 
even  when  its  solution  in  hydrochloric  acid  is  mixed  with 
acetate  of  soda,  as  already  explained,  or  when  the  solution  in 
hydrochloric  acid  of  the  phosphate  of  an  alkaline  earth  is 
mixed  with  a small  quantity  of  chloride  of  iron,  and  with 
acetate  of  soda.  If  the  solution  of  any  phosphate  in  hydro- 
chloric acid,  after  any  excess  of  the  acid  has  been  neutralized 
by  a little  ammonia  or  carbonate  of  soda,  is  mixed  first  with 
acetate  of  soda,  and  then  with  chloride  of  iron  in  slight 
excess  (which  may  be  recognised  by  the  fluid  assuming  a 
reddish  colour),  and  is  then  heated  to  ebullition,  a reddish- 
brown  precipitate  is  obtained,  which  contains  the  whole 
amount  of  oxyde  of  iron  and  all  the  phosphoric  acid  present. 
It  is  filtered  hot,  and  the  precipitate  and  filter  are  washed 
with  hot  water.  This  test  forms  the  basis  of  the  volumetrical 
analysis  of  phosphoric  acid  by  Professor  Liebig,  and  of  the 
method  for  removing  all  phosphoric  acid  and  iron  from  solu- 
tions in  which  the  quantity  of  lime  and  magnesia  and  isomor- 
phous  oxydes  has  yet  to  be  determined. 

On  mixing  a solution  of  the  nitrate  of  protoxyde  of  mercury 
with  a solution  of  phosphate  of  soda,  a white  fiocculent  pre- 
cipitate of  phosphate  of  protoxyde  of  mercury  is  immediately 
produced,  which  on  being  allowed  to  stand  in  the  fluid, 
rapidly  becomes  crystalline.  A solution  of  corrosive  subli- 
mate, however,  may  be  mixed  with  the  alkaline  phosphate 
without  any  turbidity  being  produced.  If  to  a mixture  of 
the  two  first-mentioned  salts  we  add  a solution  of  chloride  of 
sodium  before  the  precipitate  has  had  time  to  become  crys- 
talline, the  latter  will  immediately  decompose  with  the 
chloride  of  sodium,  corrosive  sublimate  and  phosphate  of 
soda  being  produced  : the  precipitate  disappears,  and  the  fluid 
becomes  perfectly  clear. 

This  test  is  the  basis  of  Professor  Liebig’s  method  for  ascer- 
taining the  amount  of  protoxyde  of  mercury  contained  in  a 
solution  of  its  nitrate.  {Vide  p.  59  et  seq.) 
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Method  of  ascertaininy  the  amount  of  Phosphoric  Acid  in 

the  Urine. 

I have  already  described  the  test  upon  which  this  method, 
also  by  Professor  Liebig,  is  based.  By  adding  to  the  urine, 
containing  an  unknown  amount  of  phosphoric  acid,  some 
acetate  of  soda,  and  then  a nearly  neutral  solution  of  chloride 
of  iron  of  known  strength,  until  the  entire  amount  of  phos- 
phoric acid  is  precipitated,  and  a trace  of  the  solution  of 
chloride  of  iron  cau  be  discovered  to  have  been  added  in  ex- 
cess, we  ascertain  from  the  amount  of  iron  in  the  test-fluid 
the  amount  of  phosphoric  acid  precipitated  in  the  form  of 
P05  -f  F203.  The  excess  of  chloride  of  iron  remaining  in 
solution  causes  the  latter  to  give  a blue  precipitate  when 
mixed  with  some  ferrocyanide  of  potassium.  Before  this  test 
could  be  applied,  a filtration  of  the  fluid  from  the  precipitate 
would  he  required.  But  this  is  avoided  by  the  following 
simple  manipulation : a piece  of  bibulous  paper  is  saturated 
with  a solution  of  ferrocyanide  of  potassium,  and  spread  over 
a white  china  plate,  or  a glass  disc  lying  on  a piece  of  white 
paper.  A drop  of  the  solution  to  he  tested  is  now  allowed  to 
fall  on  a second  slip  of  dry  bibulous  paper,  spread  over  the 
one  saturated  with  the  ferrocyanide.  The  solution  thus  fil- 
tered mixes  with  the  ferrocyanide  of  potassium  in  the  moist- 
ened paper,  and,  when  it  contains  an  excess  of  chloride  of 
iron,  causes  a blue  spot  to  appear  on  the  paper. 

In  the  performance  of  this  analysis  there  is,  however,  one 
caution  to  be  observed ; namely,  to  take  the  first  blue  test 
obtained  as  the  mark  of  the  completion  of  the  analysis.  For 
if  any  excess  of  chloride  of  iron  is  present  in  the  fluid  only 
for  a very  short-time,  the  precipitate  P05-f  Fe203  takes  up 
more  iron,  and  the  blue  spot  is  now  no  longer  obtained  with 
the  fluid.  A few  chops  of  the  chloride  of  iron  added  to  the 
fluid  will  immediately  allow  it  to  reappear.  Thus  an  excess 
of  the  test-fluid  might  be  added,  which  would  unduly  increase 
the  apparent  amount  of  phosphoric  acid.  This  error  is  avoided 
by  the  observance  of  the  above  caution. 


Preparation  of  the  solution  of  Iron  of  known  strenyth. 

15-556  grammes  of  pure,  iron  (piano-forte  string)  are  dis- 
solved in  as  much  hvdrochloric  acid  as  necessarv.  After 
addition  of  a little  nitric  acid,  the  solution  is  evaporated  to 
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dryness  on  tlie  water-bath.  The  remaining  neutral  chloride 
is  then  dissolved  in  water,  and  diluted  with  water  until 
amounting  to  two  litres.  One  cubic  centimetre  of  this 
solution  corresponds  to  10  milligrammes  of  phosphoric  acid. 

A second  method  of  preparing  the  fluid,  which,  according 
to  Neubauer,  is  preferable  to  the  former,  consists  in  gra- 
duating a solution  of  chloride  of  iron  of  unknown  strength,  by 
means  of  a solution  of  phosphate  of  soda  of  known  strength, 
the  phosphoric  acid  in  the  latter  having  been  determined 
by  the  precipitate  P05  + 2Mg0  + NH40  + 12H0,  or,  after 
heating,  P05  + 2MgO,  as  described  above.  Of  this  solution 
of  phosphate  of  soda  a quantity  is  to  be  measured  off,  con- 
taining 0T0  or  0T5  grammes  of  phosphoric  acid,  and  is  to  be 
diluted  with  about  30  or  40  c.c.  of  water.  To  this  solution 
there  are  to  be  added  10  c.c.  of  the  solution  of  acetate  of  soda 
to  be  described  hereafter.  The  solution  of  chloride  of  iron 
which  is  to  be  graduated  is  then  to  be  added  in  drops,  until 
a drop  of  the  mixture  produces  a blue  spot  on  the  paper  de- 
scribed. The  amount  of  solution  used  contains  then  the 
equivalent  of  the  amount  of  phosphoric  acid  previously  found 
by  analysis  to  be  contained  in  the  solution  of  soda. 

P=  31-436  2Na=45-946  H = 1*000  2Fe  = 56*000 

Or  =40-000  20  = 16-000  O = 8-000  3C1  = 106-389 

o 

P05=  71-436  2NaO= 61-946  HO=9  000Fe2Cl3=162-389 

The  operator  must  exactly  recollect  the  amount  of  blue 
colour  obtained  by  the  test,  in  order  always  to  add  the  same 
excess  for  which  the  fluid  is  graduated.  Otherwise  his  results 
may  be  subject  to  considerable  variations. 


Solution  of  Acetate  of  Soda. 

By  a series  of  experiments  Neubauer  has  ascertained,  that 
for  every  10  or  15  c.c.  of  the  graduated  solution  of  chloride 
of  iron,  when  not  containing  too  much  free  acid,  one  gramme 
of  acetate  of  soda  must  be  contained  in  the  urine  to  be 
tested.  He  therefore  prepares  a solution  of  20'0  grammes  of 
crystallised  acetate  of  soda,  dilutes  it  with  water  until  the 
bulk  of  the  solution  is  160"0  c.c.,  and  adds  40"0  c.c.  of  dilute 
acetic  acid  (acetum  concentratum) . 10  0 c.c.  of  the  200-0c.c. 
thus  obtained  contain  1*0  gramme  of  acetate  of  soda,  and 
2 grammes  of  acetic  acid. 
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Application  to  the  urine.  Total  amount  of  POb. — No  pre- 
paration of  the  urine  is  required  except  filtering.  The  quan- 
tity to  he  taken  for  the  test  is  50  c.c.  After  addition  of  the 
10  c.c.  of  the  solution  of  acetate  of  soda,  the  graduated  solu- 
tion is  added  until  the  test  is  obtained  as  described  above. 
The  quantity  of  the  standard  solution  of  iron  used  for  the 
test  indicates  the  amount  of  phosphoric  acid  contained  in 
the  50  c.c.  of  urine.  1 c.c.  = 10  milligrammes  of  phosphoric 
acid. 

In  case  the  urine  should  be  turbid  from  alkalinity,  the 
earthy  phosphates  thereby  precipitated  must  be  re-dissolved 
by  a few  drops  of  hydrochloric  acid.  If  a larger  amount  of 
the  latter  acid  has  been  required  for  effecting  solution,  the 
amount  of  solution  of  acetate  of  soda  to  be  added  must  be 
increased  accordingly. 

POb  of  alkalies  and  earths  separately. — If,  on  the  contrary, 
we  are  desirous  of  determining  the  separate  amounts  of 
phosphoric  acid  combined  with  alkalies  and  earths  respec- 
tively, it  becomes  necessary  to  separate  the  earthy  phosphates 
from  the  urine  to  be  analysed.  This  is  best  done  by  adding 
to  the  50  c.c.  required  for  analysis  some  ammonia,  until  an 
alkaline  reaction  is  observed,  when  all  the  earthy  phosphates 
will  be  precipitated.  The  urine  is  now  filtered,  the  precipi- 
tate, is  washed,  and  the  washings  arc  added  to  the  filtered 
liquid,  which  latter,  after  neutralization  with  acetic  acid,  is 
treated  with  the  solution  of  acetate  of  soda  and  chloride  of 
iron,  as  described  above.  The  number  of  cubic  centimetres 
of  the  latter  used  indicate  the  amount  of  phosphoric  acid 
which  was  in  combination  with  the  alkalies.  If  the  total 
amount  of  phosphoric  acid  in  50  c.c.  of  urine  is  known,  and 
of  that  in  combination  with  the  alkalies,  the  difference  gives 
the  amount  of  phosphoric  acid  which  was  precipitated  with 
the  earthy  phosphates. 

If  the  amount  of  phosphoric  acid  in  urine  be  small,  the 
above  method  is  liable  to  give  rise  to  an  error,  amounting,  in 
the  hands  even  of  a good  operator,  to  10  per  cent.,  according 
to  Neubauer.  This  error,  according  to  Vogel,  may  amount 
to  20  or  30  per  cent.,  if  a less  conscientious  operator  assumes 
blue  spots  of  different  intensities  as  the  completion  of  his 
analyses,  or  if  he  allows  some  time  to  elapse  before  trying  for 
the  blue  spot. 
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Quantity  of  Phosphoric  Acid  discharged  by  healthy  persons 
during  twenty-four  hours. 

The  results  of  numerous  examinations  are  arranged  in 
the  following  table,  which  gives,  after  the  name  of  the 
observer,  the  average  quantities  of  acid  found  in  single 
individuals  and  the  average  of  all  examinations  of  each 
observer  at  the  end. 

Table  showing  the  amount  of  P05  in  Urine  of  twenty-four 

hours. 

Breed,1  average  of  four  individuals  . 5T80  grammes  to  3 765 
Winter,2  first  individual,  3 7;  second,  42 ; third,  5-2 

grammes  ......  average  4-36 

Mosler,3  first  series,  2‘4;  second  series,  3 7 in  the  same 

individual  ......  average  3 '05 

Neubauer,  first  individual,  3T  ; second,  16  average  2 35 
Aubert,4  .........  2‘8 

Average  amount  of  P05  discharged  by  an  adult  male  

in  twenty-four  hours  . . . . . 3'66 

Ditto  in  one  hour  . . . . . . . 0T5 

According  to  the  observations  of  Winter,  100  kilogrammes 
of  man  discharge  on  an  average  0'27  gr.  and  100  centimetres 
0T  gramme  of  phosphoric  acid. 

The  maximum  and  minimum  amount  of  phosphoric  acid 
discharged  by  single  individuals  during  twenty-four  hours 
is  subject  to  considerable  variations,  as  exhibited  by  the 
following  observations  : 

Maximum.  Minimum. 

Neubauer  found  in  one  individual  daily  216  gr.  P21  gr. 

„ found  in  second  individual  . 4' 88  gr.  2 ‘44  gr. 

Mosler,  ditto  . . . . . 4*86  gr.  2 '40  gr. 

The  fluctuations  in  the  hourly  average  are  still  greater,  so 
that  Vogel  found  by  a series  of  experiments  the  maximum 
to  be  0216,  while  the  minimum  of  the  same  subject  only 
amounted  to  0085  grammes.  Both  extremes  happened  on 
one  and  the  same  day,  the  whole  inquiry  extending  over 
ten  days. 

1 ‘ Ann.  d.  Cliem.  und  Pharm.,’  Bd.  78,  p.  150. 

2 Winter,  A.,  * Beitrage  zur  Kenntniss  der  Urinabsonderung  bei  Gesunden,’ 
Giessen,  1852. 

3 Mosler,  F.,  ibid.,  1853. 

4 Henle  und  Pfeufer,  ‘ Zcitschrift  fur  rationelle  Medizin,’  1852,  ii,  3. 
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Through  the  observations  of  Winter,  Mosler,  and  Vogel,  it 
has  been  established  that  the  rise  and  fall  in  the  hourly 
amount  of  phosphoric  acid  is  a regular  one  during  each 
twenty-four  hours,  the  rise  invariably  taking  place  soon  after 
the  principal  meal  of  the  day,  which  was  taken  at  noon.  The 
maximum  secretion  was  observed  during  the  hours  of  the 
evening ; the  quantity  fell  during  the  night,  and  was  at  the 
lowest  ebb  during  the  morning.  These  fluctuations  are  well 
illustrated  by  the  following  table  given  by  Vogel. 


Table  showing  the  amount  of  Phosphoric  Acid  secreted  by  four 
individuals  during  one  hour  of  the  night,  afternoon,  and 
forenoon. 


Individuals. 

Afternoon. 

Night. 

Forenoon. 

A. 

0T8 

0-20 

0T3 

B. 

0-28 

0-21 

Oil 

C. 

018 

0T6 

o-io 

D. 

Oil 

0T4 

o-ll 

This  table  shows  that  different  persons  discharge  the  phos- 
phorus taken  with  their  food  at  different  periods  after  the 
ingestion,  some  more  quickly,  others  more  slowly ; in  some 
the  process  is  spread  over  a longer  period  of  time  than  in 
others.  Thus  B.  discharged  the  greater  part  of  the  phos- 
phorus taken  with  his  dinner  soon  after  it ; the  secretion  of 
phosphoric  acid  reached  its  climax  in  the  afternoon,  and  fell 
during  the  night  and  following  morning  until  the  next  prin- 
cipal meal.  The  difference  between  the  hours  before  the 
meal  and  after  it  is  here  greatest.  In  C.  the  climax  of  the 
secretion  falls  more  towards  the  evening,  and  there  is  less 
difference  between  afternoon  and  night.  In  D.  the  maximum 
hourly  average  is  in  the  night ; and  probably  his  digestion 
was  much  slower  than  that  of  the  other  three  persons,  though 
all  four  took  their  dinners  at  one  and  the  same  time,  namely, 
1 p.m. 


Physiology  of  Phosphoric  Acid  in  the  Urine. 

The  evidence  regarding  this  point,  which  may  be  obtained 
bv  analysis  of  the  urine,  is  very  similar  to  that  given  con- 
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cerning  sulphuric  acid.  The  introduction  into  the  body  of 
phosphorus,  either  in  the  form  of  the  acid,  or  of  phos- 
phates, or  in  combination  with  albuminous  substances,  gives 
rise  to  an  increase  of  the  acid  in  the  urine. 

Total  abstinence  from  food,  or  from  food  containing 
phosphorus,  on  the  other  hand,  diminishes  the  amount  of 
phosphoric  acid  in  the  urine.  Total  abstinence  will,  how- 
ever, not  cause  the  entire  disappearance  from  the  urine 
of  phosphates,  as  has  been  observed  with  regard  to 
chloride  of  sodium.  This  is,  perhaps,  partly  due  to  the 
continued  oxidation  of  albuminous  substances.  Of  these 
positions  proof  is  afforded  in  the  following  facts.  Aubert 
observed  the  urine  of  a person  to  contain  2‘8  grammes  per 
day  under  ordinary  circumstances.  This  person  took  31 
grammes  of  phosphate  of  soda,  whereupon  the  amount  of 
phosphoric  acid  in  the  urine  rose  to  4T  grammes  for  twenty- 
four  hours.  When  abstaining  from  food,  Mosler  found 
phosphoric  acid  to  sink  to  half  the  ordinary  quantity ; when 
he  took  large  meals  of  albuminous  substances,  the  amount  of 
the  acid  became  doubled  in  consequence. 

But  the  excretion  of  phosphoric  acid  is  not  exclusively 
dependent  upon  the  quantities  introduced.  A series  of  ob- 
servations demonstrate  that  the  same  influences  which  govern 
the  excretion  of  chlorine  and  sulphuric  acid,  are  active  in 
the  excretion  of  phosphoric  acid.  Different  degrees  or 
morbid  changes  of  the  secretory  activity  of  the  kidneys, 
actual  disease  of  the  kidneys,  changes  in  the  mode  of  disin- 
tegration of  matter  in  the  organism,  must  be  looked  to  as 
causes  of  the  variation  of  the  amount  of  phosphoric  acid. 
The  varying  influence  of  individual  structure  or  individual 
disposition  has  been  illustrated  by  Vogel's  table.  This 
observer  states,  moreover,  that  the  drinking  of  large  quanti- 
ties of  water  causes  an  increase  in  the  amount  of  phosphoric 
acid  beyond  the  quantity  introduced  with  the  water,  which 
can  only  be  explained  by  an  increased  production  in  the 
body  of  phosphoric  acid,  by  changes  which  make  an  in- 
creased amount  of  phosphates  available  for  excretion,  and  by 
a stimulated  activity  of  the  kidneys.  The  organism  may  at 
one  time  contain  an  excess  of  phosphoric  acid,  at  other  times 
the  acid  may  be  deficient.  It  will,  however,  be  difficult 
fully  to  establish  these  points,  until  the  normal  amount  of 
phosphoric  acid  contained  in  all  parts  of  the  body  and  its 
changes  and  variations  within  the  range  of  perfect  health  be 
known.  And  then  the  examinations  will  have  to  comprise  a 
complete  analysis  of  all  food,  and  of  all  excretions. 
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We  cannot  do  better  than  draw  the  reader’s  attention  to 
the  chapter  on  the  inorganic  constituents  of  the  juices  of 
flesh,  p.  75  of  Professor  Liebig’s  ‘ Researches  on  Flesh  ’ 
(respective  meat).  The  remarkable  facts  there  revealed 
throw  much  light  on  the  physiology  of  phosphoric  acid  and 
its  salts,  on  its  relation  to  other  component  parts  of  the  body, 
to  other  salts,  to  food,  digestion,  assimilation,  to  the  forma- 
tion of  blood,  its  function,  and  depuration.  These  experi- 
ments, to  use  the  words  of  the  author,  “ however  incom- 
plete they  may  be,  may  serve  as  starting-points  for  future 
researches.” 


Quantity  of  Phosphoric  Acid  in  the  Urine  of  disease. 

The  results  regarding  this  point  obtained  by  Professor 
Vogel  from  more  than  a thousand  examinations  are,  in  the 
following  sentences,  given  without  any  comment. 

In  acute  but  not  very  severe  diseases,  the  amount  of  phos- 
phoric acid  in  the  urine  decreases  at  first  most  probably  in 
consequence  of  the  low  diet,  and  afterwards  rises  again  with 
a more  liberal  allowance  of  food.  During  convalescence 
the  normal  amount  is  sometimes  exceeded,  in  consequence  of 
an  increased  quantity  of  food. 

If  the  illness,  though  combined  with  violent  fever,  only 
lasts  a short  time,  the  decrease  of  the  amount  of  phosphoric 
acid  is  sometimes  very  slight  and  scarcely  perceptible. 

Examples.  Males. — 1.  A young  man,  affected  by  severe 
febrile  angina  tonsillaris,  discharged  2’8  grammes  of  phos- 
phoric acid  on  the  day  of  his  reception  into  the  hospital. 
He  had  an  emetic  given  to  him,  which  caused  violent  vomit- 
ing. This  was  followed  by  low  diet.  On  the  second  day 
the  amount  of  phosphoric  acid  had  fallen  to  1*7  grammes. 
He  now  improved,  and  had  quarter  diet.  The  two  following 
days  showed  2'6  and  2 5 grammes  of  phosphoric  acid  re- 
spectively. He  now  was  placed  upon  half  diet ; and  on  the 
following  day,  the  P05  rose  to  3 2 grammes.  He  recovered 
and  was  discharged. 

2.  Pneumonia,  not  very  severe.  The  patient  was  dis- 
charged after  eight  days.  The  daily  amounts  of  P05  were 
24,  2 5,  29,  2’4,  and  2'3  grammes. 

3.  Pneumonia,  more  severe.  During  the  acme  of  the 
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disease  the  daily  amounts  of  phosphoric  acid  were  \:7 , 0-8,  21, 
1‘2,  0‘9,  21,  19,  11  grammes. 


4.  Pneumonia,  similarly  severe, 

1*6, 

1-4, 

22, 

23, 

16 

grammes. 

5.  Febrile  bronchial  catarrh, 

P4, 

1-5, 

17, 

1-5, 

2-8 

grammes. 

6.  Convalescence  from  severe  pneumonia,  3'8,  2‘7,  3-2, 
35  grammes;  3‘9,  P8,  2-5,  &c. 

7.  Similar  case,  P9,  5'6,  2'8,  15,  32,  2*8  grammes. 

8.  Convalescence  from  severe  bronchial  catarrh,  4-8 
grammes. 

9.  Catarrh  of  the  organs  of  digestion,  with  eczema  and 
violent  fever.  The  case  took  a rapid  course,  so  that  the 
patient  was  dismissed  cured  after  eight  days.  The  amount 
of  P05  was  2‘3,  2 6,  2'7 , 2‘6,  3-4  grammes. 

Females. — 1.  Rheumatic  fever,  2T,  23,  2‘2  grammes. 

2.  Catarrh  of  the  stomach,  IT,  T2  grammes. 

3.  Catarrhal  fever,  acme  of  the  disease,  T6  grammes. 

4.  Convalescence  from  typhus,  5 2 grammes. 

When  the  diseases  are  of  a more  severe  nature,  so  as  to 
cause  a long  abstinence  from  food,  or  to  take  a fatal  turn, 
the  decrease  of  phosphoric  acid  in  the  urine  becomes  much 
more  considerable. 

Thus  a girl  with  severe  febrile  catarrh  of  the  lungs  dis- 
charged, during  the  acme  of  the  disease,  0‘ 7,  05  grammes  of 
phosphoric  acid;  during  convalescence  it  rose  to  T3  and 
25  grammes. 

Fatal  end  of  acute  tuberculosis  of  lungs,  04,  04,  03,  03, 
02,  OT,  008  grammes  (day  of  decease). 

Gangrene  of  the  lungs,  fatal  issue,  3’0,  2‘5,  2’20,  O' 7 
grammes. 

In  some  exceptional  cases  the  amount  of  phosphoric  acid 
discharged  during  the  height  of  acute  diseases,  may  consi- 
derably exceed  the  amount  discharged  during  health. 

A man  of  middle  age  suffered  of  pneumonia,  and  was 
treated  with  large  doses  of  digitalis,  cured  and  discharged, 
4’3,  5T,  4T,  8’4,  7'9,  4’5,  29,  5'0  grammes. 

In  chronic  diseases  the  excretion  of  phosphoric  acid  takes 
a very  irregular  course,  and  though  remaining  mostly  below 
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the  normal  average,  may  sometimes  considerably  exceed  it. 
This  is  shown  by  the  following  cases  : 


Disease. 

Number  of 
days 

observed. 

Minimum. 

Medium. 

Maximum. 

Males. 

Emphysema  of  lungs 

0-6 

1*3 

2-3 

j Chronic  broncliorrhoea 

8 

1-3 

2-7 

4-7 

Cancer  of  the  liver  .... 

11 

1-6 

2-2 

2-6 

Subacute  rheumatism  of  joints  . 

18 

1-7 

2-4 

31 

Hemiplegia,  consequent  on  apoplexy  . 

35 

10 

2-7 

5-2 

! Hydruria  ..... 

3 

4-4 

5-0 

5-8 

Dropsv,  under  influence  of  diuretics 

chlorides  very  much  increased 

2 

— 

1-8 

— 

Females. 

Diabetes  insipidus  .... 

14 

3'2 

4-8 

7-8 

Ascites 

15 

1-7 

3-0 

4-7 

Chronic  rheumatism 

7 

2-7 

3-3 

4-2 

Spinal  irritation  .... 

— 

21 

2-4 

2-8 

Amenorrhcea  ..... 

— 

2-1 

2-2 

2-3 

Scrophulosis  ..... 

— 

2-6 

3-5 

5-2 

Tuberculosis  of  lungs 

10 

1-5 

— 

39 

Chronic  erysipelas  of  face . 

11 

1-5 

— 

3-6 

( 
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TREE  ACID  OE  THE  URINE. 


The  nature  of  the  acid  which  imparts  an  acid  reaction  to 
urine  is  not  exactly  known,  though  it  is  commonly  admitted 
to  be  most  probably  phosphoric  acid  in  the  form  of  an  acid 
phosphate.  Now,  as  it  is  desirable  to  know  exactly  the 
amount  of  free  acid  discharged  in  a given  time,  several 
observers  have  deemed  it  useful  and  convenient  to  analyse 
the  amount  of  free  acid  by  finding  the  equivalent  of  oxalic 
acid,  and  to  express  it  as  such. 

Mode  of  determining  the  amount  of  Free  Acid  in  the  Urine. 

The  analysis  is  simply  performed  by  a standard  solution  of 
caustic  soda,  graduated  so  that  a given  volume  corresponds 
to  a certain  amount  of  oxalic  acid.  With  this  a known  bulk 
of  urine  is  exactly  neutralized,  and  from  the  amount  of 
standard  solution  used  we  find,  by  calculation,  the  amount  of 
oxalic  acid  which  would  be  equivalent  to  the  amount  of  un- 
known acid  actually  contained  in  the  urine. 

Preparation  of  the  standard  solution  of  Caustic  Soda  according 

to  Neubauer. 

This  solution  is  to  be  graduated  so  that  every  cubic  centi- 
metre indicates  exactly  10  milligrammes  of  oxalic  acid.  For 
this  purpose  we  require  a solution  of  oocalic  acid  of  known 
strength,  which  is  shortly  prepared  by  dissolving  one  gramme 
of  dry  oxalic  acid  in  so  much  water  that  the  solution  exactly 
amounts  to  100  c.c.  Every  lO’O  c.c.  of  this  solution  contain 
l'O  gramme  of  oxalic  acid.  This  quantity  is  now  measured 
off,  put  into  a small  beaker,  and  coloured  red  with  several 
drops  of  tincture  of  litmus.  After  being  placed  upon  a piece 
of  white  paper,  the  dilute  solution  of  caustic  soda  is  cautiously 
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added  until  the  red  colour  lias  been  changed  into  the  original 
litmus  blue.  Suppose  we  have  used  for  effecting  this  6 c.c. 
of  the  solution  of  caustic  soda,  then  they  would  correspond  to 
1 decigramme  of  oxalic  acid.  We  now  add  to  every  GOO'O  c.c. 
of  the  solution  of  soda  400  0 c.c.  of  water,  and  thus  obtain 
lOOO’O  c.c.  of  standard  solution,  of  which  10  c.c.  exactly 
neutralizes  10  milligrammes  of  oxalic  acid.  If,  after  the 
addition  of  10'Oc.c.  of  this  solution  to  10'Oc.c.  of  the  solution 
of  oxalic  acid  reddened  by  litmus,  the  blue  colour  appears, 
the  solution  is  correct  and  ready  for  use. 

The  fluid  applied  to  the  urine. — To  50  or  100  c.c.  of  quite 
fresh  urine  the  standard  solution  of  soda  is  added  in  small 
portions,  say  \ c.c.  at  a time,  and  after  every  new  addition 
the  fluid  is  tested  by  the  aid  of  litmus  paper,  as  the  yellow 
colour  of  the  fluid  would  not  allow  the  tincture  of  litmus 
to  show  the  transition  from  red  to  blue,  and  therefore  ex- 
cludes its  use  in  the  manner  described  for  the  preparation  of 
the  test-fluid.  The  testing  with  litmus  paper  is  best  effected 
by  placing  a drop  of  the  mixture  upon  neutral  blue  litmus 
paper.  If,  after  a time,  the  spot  covered  by  the  drop  does 
not  become  red  any  longer,  the  analysis  is  completed.  To 
make  sure,  we  may  now  test  for  an  excess  of  alkali,  and  if 
the  latter  be  found,  a fresh  analysis,  guided  by  the  experience 
of  the  first  one,  will  lead  to  the  exact  point  of  neutrality. 


Quantity  of  Free  Acid  discharged  in  a given  time  by  healthy 

individuals. 

As  the  result  of  numerous  analyses  Yogel  designates  2 to  4 
grammes  of  oxalic  acid  as  the  equivalent  of  the  amount  of 
free  acid  discharged  by  a healthy  man  during  twenty-four 
hours.  This  amounts  to  0T0  to  020  grammes  per  hour.  The 
hourly  quantities,  however,  were  subject  to  considerable  varia- 
tions, dependent  upon  the  time  of  the  day,  and  these  variations 
were  quite  parallel  in  four  different  individuals  examined  at 
one  and  the  same  time.  The  maximum  amount  of  acid  per 
hour  was  discharged  during  the  night,  the  minimum  during 
the  forenoon,  and  a quantity  intermediate  between  those  of 
night  and  morning  was  secreted  in  the  hours  of  the  afternoon. 
Thus  the  frequent  examination  of  the  urine  of  one  individual 
yielded  0T9  for  the  night,  0T3  for  the  forenoon,  and  0T5 
grammes  of  (oxalic)  acid  for  the  afternoon. 

The  amount  of  free  acid  in  the  urine  is  diminished  by  the 
ingestion  into  the  system  of  caustic  alkali,  or  of  carbonates  or 
substances  capable  of  being  transformed  into  carbonates. 
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All  these  substances  have  already  been  enumerated  in  the 
chapter  on  the  chemical  reaction  of  the  urine. 

The  ingestion  into  the  system  of  mineral  acids  increases  the 
amount  of  free  acid  in  the  urine.  As  some  organic  acids, 
when  taken  in  large  doses,  pass  through  the  organism 
unchanged,  as  has  been  ascertained  by  Wohler,  and  con- 
firmed by  Buchheim,  they  must  also  increase  the  amount  of 
free  acid  in  the  urine. 

A young  man,  labouring  under  lisemoptoe,  was  treated  by 
Vogel  with  large  doses  of  the  sulphuric  and  hydrochloric 
acids.  The  daily  amount  of  free  acid  in  the  urine  was  (the 
average  of  six  days)  4*4  grammes,  and  on  one  day  the  quantity 
rose  to  7‘5  grammes. 

All  the  causes  which  we  have  seen  to  determine  the  amount 
of  phosphoric  and  sulphuric  acid  in  the  urine  are,  of  course, 
active  in  determining  the  quantity  of  free  acid. 

Quantity  of  Free  Acid  in  diseases. 

In  chronic  and  acute  diseases  Vogel  found  the  amount  of 
free  acid  mostly  diminished,  increased  only  in  exceptional 
cases.  The  following  are  his  results  : 

In  males : In  a case  of  pneumonia  the  free  acid  rose 
steadily  from  0 to  T50.  Average  of  eight  days,  05  grammes. 

Another  case  of  pneumonia,  terminating  fatally,  showed 
fluctuations  between  09  and  3 0.  Average  of  four  days,  T9 
grammes. 

In  a patient  labouring  under  gastric  fever,  the  amount  of 
free  acid  fluctuated  between  0'6  and  T6.  Average  of  four 
days,  IT  grammes. 

A case  of  acute  rheumatism  gave  0‘ 7 and  TO  grammes  for 
several  days. 

In  a case  of  chronic  bronchial  catarrh,  the  amount  of  free 
acid  fluctuated  during  eleven  days  between  0 and  0'8.  Average, 
0’5  grammes. 

In  females:  Girl  with  strumous  glands,  1*6  to  2’4. 

Average  of  four  days,  2'0  grammes. 

A woman,  30  years  of  age,  suffering  from  spinal  irritation, 

0 to  0'8.  Average  of  five  days,  0*4  grammes. 

A woman,  70  years  of  age,  with  ascites,  the  consequence  of 
disease  of  the  liver,  0 to  3T.  Average  of  eighteen  days, 

1 41  grammes. 


CHAPTER  XII. 


POTASH  AND  SODA. 


Symbols : KO,  NaO. 

Equivalents : K . 39T15  Na  . 22973 

O . 8-000  O . 8-000 


KO  =47-115  NaO=  30-973 

There  is  only  a very  small  quantity  of  potash  present  in 
the  urine,  by  far  the  greater  part  of  the  acids  being  in  com- 
bination with  soda  and  the  alkaline  earths.  The  value  which 
an  accurate  knowledge  of  the  quantities  of  potash  and  soda 
would  have,  is  evident  from  their  relations  to  different  parts 
of  the  animal  economy ; the  salts  of  potash  almost  exclusively 
predominating  in  the  muscles,  and  occurring  in  the  blood 
only  in  very  small  quantities,  while  the  salts  with  soda  as 
their  base  prevail  in  the  blood,  and,  it  may  be  well  assumed, 
form  no  part  of  the  solids  of  the  juices  of  the  flesh.1 

Mode  of  determining  the  quantity  of  Potash  and  Soda  in  the 

Urine. 

The  rationale  of  this  analysis2  is  to  remove  sulphuric  and 
phosphoric  acid  and  organic  matters,  to  transform  the  alkalies 
entirely  into  chlorides,  and  then  to  separate  them  by  making 
one  of  them  insoluble. 

Of  a solution  of  one  part  of  acetate  of  baryta  in  20  parts  of 
water  made  strongly  alkaline  by  means  of  ammonia,  one 
volume,  say  20  c.c.,  is  mixed  with  two  volumes,  40  c.c.,  of 
urine.  After  the  precipitate  has  begun  to  settle,  it  is  sepa- 

* Liebig,  * Unters.  iiber  das  Fleisch.,’  p.  85. 

2 Rose,  Analyt.  Chemie.  ii,  11.  For  some  particulars  see  Neubauer,  loc.  cit. 
p.  138. 
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rated  from  tlie  fluid  by  filtration.  Of  the  alkaline  filtrate, 
which  contains  an  excess  of  baryta,  45  c.c.,  corresponding  to 
30  c.c.  of  urine,  are  evaporated  on  the  water-bath  in  a pla- 
tinum dish,  dried,  and  exposed  to  red  heat  until  the  carbon 
is  entirely  burned.  Water  is  now  added  to  the  ashes  until 
the  soluble  part  is  entirely  dissolved.  After  the  addition  of 
some  ammonia,  carbonate  of  ammonia  is  added,  to  precipitate 
all  baryta  in  the  form  of  carbonate.  The  fluid  is  now  separated 
from  the  insoluble  parts  and  precipitate  by  filtration,  and 
the  filter  is  washed  carefully.  The  filtered  fluids  are  then 
acididated  by  means  of  hydrochloric  acid,  evaporated  in  a 
platinum  capsule  of  known  weight,  exposed  to  a gentle  red 
heat,  and  weighed.  The  alkalies,  the  weight  of  which  in  the 
form  of  chlorides  has  thus  been  ascertained,  are  dissolved  in 
a little  water ; chloride  of  platinum  is  then  added  in  great 
excess,  the  mixture  is  evaporated  nearly  to  dryness  on  the 
water-bath,  and  digested  for  several  hours  with  spirits  of  wine 
of  80  per  cent.  When  the  supernatant  strata  of  the  mixture 
indicate  by  a deep-yellow  colour  that  a sufficient  amount  of 
chloride  of  platinum  is  present,  and  when  after  frequent 
stirring  of  the  mixture  all  chloride  of  sodium  and  platinum  is 
probably  dissolved,  the  solution  is  filtered  from  the  chloride 
of  potassium  and  platinum,  and  the  precipitate  and  filter  are 
well  washed  with  spirits  of  wine,  dried  and  weighed.  The 
weight,  less  the  weight  of  the  filter,  is  chloride  of  potassium 
and  platinum ; 100  parts  of  the  latter  correspond  to  3051  parts 
of  chloride  of  potassium.  By  subtracting  the  amount  of  the 
latter  from  the  amount  of  the  united  chlorides,  the  rest  gives 
the  amount  of  chloride  of  sodium.  The  amount  of  chloride 
of  potassium  found,  gives,  by  multiplication  with  06317,  the 
corresponding  amount  of  potash  ; and  the  amount  of  chloride 
of  sodium  found,  multiplied  by  0-530.2,  gives  the  correspond- 
ing amount  of  soda. 


Physiological  relations  of  Potash  and  Soda. 

The  facts  adduced  by  Professor  Liebig  are  of  so  remarkable 
a nature,  that  to  follow  them  out  promises  to  be  a source  of 
progress  in  practical  medicine.  The  analysis  of  the  urine 
will  always  be  the  principal  means  for  ascertaining  the  pro- 
portions of  these  alkalies  to  each  other,  and  to  the  other 
ingredients  of  the  juices  of  the  body.  The  problem  is  there- 
fore a physiological  one;  and  the  analysis  above  detailed 
should  not  be  considered  as  a mere  exercise  in  the  laboratorv. 

Many  animals  take  with  their  food  no  phosphate  of  soda,  a 
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salt  indispensable  to  the  integrity  of  the  blood  and  body. 
But  they  take  phosphate  of  potash,  and  a salt  of  soda,  chlo- 
ride of  sodium.  In  these  animals,  however,  we  find  in  the 
blood  phosphate  of  soda,  and  in  the  muscles  chloride  of 
potassium ; neither  of  which  salts  they  have  taken  with  their 
food.  From  this  fact,  and  from  other  experiments  in  the 
laboratory,  the  conclusion  is  inevitable,  that  phosphate  of 
potash,  when  mixed  with  chloride  of  sodium,  gives  a part  of 
its  potassium  off  to  some  chlorine,  which  in  its  turn  parts 
with  some  sodium.  The  latter  combining  with  the  oxygen 
liberated  from  the  potassium,  joins  the  phosphoric  acid,  phos- 
phate of  soda  being  formed. 

The  relations  of  the  salts  of  potash  to  the  muscles  are  not 
as  yet  understood.  But  the  same  physiological  law  which 
confines  phosphate  of  soda  to  the  blood,  and  makes  it  indis- 
pensable there,  is,  no  doubt,  active  in  confining  the  salts  of 
potash  to  the  muscles.  To  bring  about  an  understanding  of 
these  relations  is  a problem  of  experimental  physiology. 


CHAPTER  XII 1. 


LIME  AND  MAGNESIA. 


Symbols  : CaO  and  MgO. 

Lime  and  magnesia  occur  in  the  urine  in  combination 
with  phosphoric  acid,  as  acid  phosphates  in  solution.  They 
are  met  with  as  deposits  in  alkaline  urine,  and  as  concretions 
in  urinary  calculi,  of  which  they  most  frequently  constitute 
the  crust. 


Formulae : P05  + 2CaO  + HO 
P05  + 2MgO  + HO 


in  solution. 


Equivalent  of  phosphate  of  lime  : . P05  = 7P436 

2CaO  = 56-000 
HO  = 9-000 

136-436 

Equivalent  of  phosphate  of  magnesia  : P05  = 71 '436 

2MgO=  41-302 
HO"  = 9-000 

121-738 


Some  authors  calculate  the  formula  for  phosphate  of  lime 
and  magnesia  bo  that  the  three  equivalents  of  water  of  phos- 
phoric acid  are  replaced  by  three  equivalents  of  the  earths, 
POf(  + 3CaO,  and  P05  + 3MgO.  These  formulae  are  transferred 
from  the  formulae  of  bone- earth,  obtained  by  incineration  of 
the  bones.  But  as  incineration  of  phosphates  in  the  presence 
of  carbon  always  causes  a loss  of  phosphoric  acid,  these 
analyses  cannot  be  depended  upon  as  regards  the  compo- 
sition of  the  phosphates.  Moreover,  the  composition  of  the 
triple  phosphate  (of  magnesia)  militates  against  the  basic 
formula.  The  precipitates,  however,  obtained  from  urine  bv 
the  addition  of  caustic  fixed  alkalies,  both  show  the  com- 
position of  three  of  oxyde  to  one  of  acid,  the  magnesia  salt 
retaining  five  equivalents  of  water  after  drying  at  the  heat  of 
boiling  water. 
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Aggregation. — As  generally  met  with,  both  phosphates  of 
lime  and  magnesia  are  amorphous.  But  they  are  obtained 
crystalline,  the  one  from  certain  solutions,  the  other  in  com- 
bination with  a third  equivalent  of  base  and  water  of  crystal- 
lization. 

When  a solution  of  phosphate  of  lime  in  acetic  acid  is 
allowed  to  stand  some  time,  the  phosphate  has  a great  incli- 
nation to  fall  down  from  this  solution  in  a crystalline  state, 
particularly  when  the  mixture  is  warmed  a little,  and  when 
the  phosphate  is  prevalent. 


Separation  of  Phosphate  of  Lime  and  Magnesia  from  Urine, 
and  determination  of  their  collective  amount. 

This  is  simply  effected  by  adding  to  urine  some  ammonia, 
until  a strong  alkaline  reaction  is  observed.  The  earthy 
phosphates  thus  precipitated  may  be  collected  on  a filter, 
washed,  exposed  to  red  heat,  and  weighed.  Or,  after  collec- 
tion on  the  filter,  they  may  be  redissolved  in  acetic  acid,  and 
in  this  solution  the  amount  of  phosphoric  acid,  found  by  the 
analysis  described  above,  may,  by  the  equivalents  known, 
indicate  the  amount  of  earths  in  combination.  Or,  if  the 
phosphates  of  the  alkalies  are  to  be  determined  also,  the 
analysis  described  at  p.  185  may  be  used,  by  which,  in  the 
first  instance,  the  entire  amount  of  phosphoric  acid  contained 
in  the  urine,  and  then  of  phosphoric  acid  in  combination 
with  the  alkalies,  is  determined,  the  difference  corresponding 
to  the  amount  of  phosphoric  acid  in  combination  with  the 
earths. 


Modes  of  ascertaining  the  separate  quantities  of  Lime  and 

Magnesia  in  Urine. 

All  the  following  methods  are  preceded  by  the  separation 
from  urine  of  both  earths  by  means  of  ammonia,  and  by  the 
solution  of  the  washed  precipitate  in  acetic  acid.  From  the 
latter  solution  the  lime  is  always  obtained  as  the  oxalate. 
From  this  point  the  analyses  begin  to  vary. 


Determination  of  the  Lime  as  Sulphate. 

The  oxalate  of  lime  obtained  by  addition  of  oxalate  of 
ammonia  to  the  solution  in  acetic  acid  of  the  precipitate, 
which  a measured  quantity  of  urine  yielded  after  addition  of 
ammonia,  is  exposed  to  a strong  red  heat  in  a platinum  cap- 
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sule.  To  tlie  lime  thus  transformed  into  carbonate,  partly 
into  caustic  lime,  some  sulphuric  acid  is  added,  with  great 
care,  in  small  portions,  by  means  of  an  elastic  pipette,  until 
an  acid  reaction  is  observed.  After  drying,  and  a second 
• exposure  to  red  heat,  the  lime  is  obtained  in  the  form  of 
sulphate,  which,  by  multiplication  with  04118,  gives  the 
amount  of  lime  contained  in  the  sulphate. 


Determination  of  the  Magnesia  as  Pyrophosphate . 


The  filtered  fluid  obtained  from  the  oxalate  of  lime  in  the 
course  of  the  foregoing  analysis,  is  treated  with  ammonia 
until  alkaline,  whereby  the  magnesia  is  precipitated  in  the 
form  of  P064-2Mg0  + NH40+ 12Aq,  triple  phosphate,  or 
ammonio-phosphate  of  magnesia.  As  the  crystals  settle 
easily  to  the  bottom  of  the  vessel,  this  salt  may  be  washed 
by  decantation  of  repeated  quantities  of  water,  containing 
some  ammonia,  added  to  it.  It  is  then  collected  in  the 
platinum  capsule,  and  exposed  to  red  heat.  If  collected  on 
a filter,  the  latter,  after  removal  of  the  greater  bulk  of  the 
crystals  into  the  platinum  capsule,  has  to  be  burned  sepa- 
rately by  Bunsen’s  process,  described  in  the  introduction. 
Precipitate  and  filter,  when  united,  are  then  exposed  to  red 
and  white  heat.  The  triple  phosphate,  by  losing  all  its 
water  and  ammonia,  is  thus  transformed  into  pyrophosphate 
of  magnesia,  of  the  composition  P05  + 2Mg0.  The  amount 


of  the  latter,  multiplied  by 


40-000 

111-360 


= 0-3592 


equivalent  of  pyrophosphate  of  magnesia,  containin 


(111-360 
g 40-000 


of  magnesia) — more  accurately 


41-302 

112-738 


= 0-3687,  gives  the 


amount  of  magnesia. 


HempeVs  method  of  determining  the  Lime  as  Oxalate , by  means 
of  Permanganate  of  Potash. 

From  the  solution  of  the  mixed  earths  in  acetic  acid  the 
lime  is  precipitated  by  oxalate  of  ammonia,  collected  on  a 
filter,  and,  after  washing,  is  dissolved  in  a few  drops  of  hydro- 
chloric acid.  To  this  solution,  after  warming  it  a little,  a 
graduated  solution  of  permanganate  of  potash  is  added,  so 
long  as  discoloration  continues  to  take  place.  From  the 
amount  of  solution  of  permanganate  of  potash  used,  the 
amount  of  oxalic  acid  is  found,  and  from  this  the  amount  of 
lime  originally  combined  with  phosphoric  acid. 
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Preparation  of  the  solution  of  permanganate  of  potash. — 
As  the  solution  of  permanganate  of  potash  cannot  be  kept  as 
such  for  any  length  of  time  without  undergoing  changes,  its 
graduation  has  to  be  checked  before  each  analysis.  For  this 
purpose,  and  for  the  original  graduation,  a solution  of  oxalic 
acid  in  water  is  used,  which  in  every  cubic  centimetre  contains 
10  milligrammes  of  oxalic  acid.  The  solution  of  perman- 
ganate of  potash  is  then  graduated  so  that  l'O  c.c.  will 
exactly  suffice  to  oxydize  10  milligrammes  of  oxalic  acid,  and 
to  make  the  signal  of  the  completed  oxydation  by  the  ap- 
pearance of  the  red  colour. 

The  solution  of  oxalic  acid  is  simply  made  by  dissolving 
one  gramme  of  the  acid,  dried  at  212°  F.,  in  100  c.c.  of  water. 
Of  this  solution  10  c.c.  are  taken  by  means  of  a pipette, 
and  transferred  to  a beaker.  We  now  add,  from  a burette,  of 
the  solution  of  permanganate  of  potash  which  is  to  be  gradu- 
ated, as  much  as  necessary  to  produce  the  lasting  red  test. 
Supposing  that  8 3 c.c.  have  been  used  for  that  purpose,  we 
then  add  to  every  830  c.c.  of  the  solution,  170  c.c.  of  water, 
whereby  we  obtain  1000  c.c.  of  solution,  of  which  10  c.c.  will 
exactly  suffice  for  oxydizing  10  c.c.  of  the  solution  of  oxalic 
acid,  containing  100  milligrammes  of  the  acid. 

It  is,  however,  less  troublesome  to  merely  determine  the 
quantity  of  solution  of  permanganate  of  potash  required  for 
oxydizing  a known  amount  of  oxalic  acid,  without  adjusting 
its  bulk  to  that  of  the  solution  of  the  acid. 

If,  therefore,  the  above  solution  be  taken  as  it  is,  without 
adding  the  1 70  c.c.  of  Avater,  then  its  value  would  be  expressed 
by  8-3  c.c.  = 100  milligrammes  of  oxalic  acid.  The  calcula- 
tion after  the  use  for  real  experiment  would  therefore  be 
8'3  c.c.  of  standard  solution:  100  milligrammes  of  oxalic  acid 
=n  c.c.  standard  solution  : x milligrammes  of  oxalic  acid. 

This  analysis  has  been  combined  by  Professor  Vogel  with 
the  volumetrical  analysis  of  phosphoric  acid,  so  that  by  tAvo 
analyses  the  quantities  of  phosphoric  acid  and  both  earths  are 
determined.  He  for  that  purpose  takes  the  precipitates  from 
tAvo  equal  quantities  of  urine,  and  determines  in  the  one  the 
entire  amount  of  phosphoric  acid,  in  the  other  the  amount  of 
lime  as  just  described.  From  the  total  amount  of  phos- 
phoric acid  the  equivalent  for  lime  is  now  deducted ; the  rest 
of  the  acid  indicates  the  amount  of  magnesia  with  which  it 
was  combined. 

The  operator  must  take  care  to  use  a Gay-Lussac’s 
burette  for  the  solution  of  permanganate  of  potash,  as  this 
fluid  is  decomposed  by  the  India  rubber  of  Mohr’s  burette. 
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Determination  of  the  Lime  by  a graduated  solution  of 
Hydrochloric  Acid. 

We  give  this  method  after  Neubauer,  who  obtained  accu- 
rate results  by  it.  The  oxalate  of  lime  obtained  as  above 
is  transformed  into  carbonate  by  the  aid  of  heat,  and  dissolved 
in  hydrochloric  acid  of  known  strength.  The  amount  of  acid 
not  neutralized  is  then  ascertained  by  a graduated  solution  of 
soda. 

Preparation  of  the  standard  solution  of  hydrochloric  acid. — 
One  cubic  centimetre  of  this  acid  is  exactly  to  neutralize  10 
milligrammes  of  lime,  or  CaO.  One  litre  of  the  acid  would 
therefore  have  to  correspond  to  10  grammes  of  CaO  or  18‘93 
grammes  of  carbonate  of  soda.  A small  quantity,  say  about 
one  gramme,  of  carbonate  of  soda,  after  having  been  made 
red  hot  and  allowed  to  cool  again,  is  weighed  and  dissolved 
in  water.  Some  tincture  of  litmus  is  now  added  to  colour 
the  solution  fairly  blue.  It  is  then  made  boiling  hot,  and  the 
dilute  hydrochloric  acid  is  added  from  a burette,  until  the 
blue  colour  of  the  solution  has  given  way  to  a light-red 
colour,  resembling  the  red  of  onion-peel.  It  is  well  to  keep 
the  fluid  at  the  boiling  point  during  the  addition  of  the  acid, 
in  order  to  remove  all  carbonic  acid  as  quickly  as  possible, 
which  latter,  by  giving  the  fluid  a colour  of  red  wine,  would 
not  permit  of  the  transition  of  the  blue  colour  into  red  being 
accurately  perceived.  Suppose  we  have  found  that  one  litre 
of  the  dilute  hydrochloric  acid  employed  corresponds  to  41  6 
grammes  of  carbonate  of  soda,  then  18'9  grammes  of  the  latter 
will  exactly  require  457'0  c.c.  of  the  acid  for  saturation. 

We  take  therefore  . 457’0  c.c.  of  the  acid, 

and  mix  them  with  . 543 4)  c.c.  of  water, 


whereby  we  obtain  . 1000  0 c.c.  of  standard  solution, 

of  which  TO  c.c.  corresponds  toO’0189  grammes  of  carbonate 
of  soda  (NaO,  C02),  or  0-010  grammes  of  CaO.  The 
correctness  of  the  solution  is  to  be  checked  bv  several  ex- 
periments. 

Preparation  of  the  solution  of  soda  to  correspond  to  the 
former  solution. — Of  this  solution  10  c.c.  must  exactly  neu- 
tralize 10  c.c.  of  the  solution  of  hydrochloric  acid,  so  that 
after  the  addition  of  the  last  drop  of  the  10  c.c.  of  the  solu- 
tion of  soda  to  the  acid,  the  red  colour  of  the  latter  (by 
litmus)  is  changing  to  blue.  To  observe  the  colour  accu- 
ratelv,  it  is  well  to  take  care  that  the  solution  of  soda  be  free 
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from  carbonic  acid.  To  10  c.c.  of  the  standard  solution  of 
hydrochloric  acid,  coloured  red  by  means  of  tincture  of  litmus, 
we  add  the  dilute  solution  of  soda,  which  is  to  be  graduated, 
from  a burette,  until  the  red  colour  has  changed  to  blue. 
Suppose  we  have  used,  for  100  c.c.  of  the  standard  solution 
of  hydrochloric  acid,  8-0  c.c.  of  the  solution  of  soda,  then  we 
add  to 

800 '0  c.c.  of  solution  of  soda, 

200*0  c.c.  of  water, 


and  thus  we  obtain  1000*0  c.c.  of  solution  of  soda, 

of  which  10*0  c.c.  must  exactly  neutralize  10*0  c.c.  of  the 
standard  solution  of  hydrochloric  acid. 

The  fluids  applied. — The  oxalate  of  lime,  obtained  from  a 
known  quantity  of  urine,  say  100  c.c.,  in  the  manner  de- 
scribed, is  exposed  to  red  heat,  and  transformed  into  carbonate 
of  lime  and  quicklime.  It  is  then  transferred  into  a balloon 
with  the  aid  of  some  water;  10  c.c.  of  the  standard  acid 
solution  are  then  added,  and  the  solution  thus  obtained  is 
heated  until  all  carbonic  acid  has  been  driven  away.  The 
solution  is  then  coloured  red  bv  means  of  litmus.  The 
standard  solution  of  soda  is  now  added  until  the  red  colour 
has  changed  to  blue.  The  number  of  cubic  centimetres  of 
the  solution  of  soda  subtracted  from  the  1O0  c.c.  of  standard 
acid  leaves  the  number  of  cubic  centimetres  neutralized  by 
the  lime,  each  cubic  centimetre  corresponding  to  10  milli- 
grammes of  lime.  By  multiplying  by  10  the  number  of 
cubic  centimetres  of  standard  acid  neutralized  by  lime,  we 
obtain  the  per  centagc  of  lime  contained  in  the  urine  when 
100  c.c.  of  it  have  been  taken  for  analysis. 


Determination  of  Magnesia  by  means  of  volumetrical  analysis 
of  its  Phosphoric  Acid. 

For  this  purpose  the  magnesia  is  isolated  in  the  form  of 
triple  phosphate,  and  dissolved  in  acetic  acid.  In  this  solu- 
tion the  phosphoric  acid  is  now  determined  by  means  of  the 
graduated  solution  of  chloride  of  iron.  This  method  does  not 
o ive  verv  accurate  results. 


Deposits  of  Earthy  Phosphates. 

As  a rule,  deposits  of  earthy  phosphates  can  exist  only  in 
urine  exerting  an  alkaline  reaction  upon  test-paper.  The 
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presentation  of  an  acid  reaction  by  urine,  therefore,  excludes  the 
possibility  of  the  occurrence  of  these  deposits.  There  is  only  one 
(questionable)  case  in  which  a deposit  of  an  earthy  phosphate  is 
compatible  with  an  acid  reaction  of  the  urine ; namely,  when 
urine  containing  little  or  no  free  acid  exerts  an  acid  reaction 
from  the  presence  of  chloride  of  ammonium.  In  this  case  a 
deposit  of  phosphate  of  magnesia  may  perhaps  exist ; for  this 
salt  is  little  or  not  soluble  in  chloride  of  ammonium.  But 
phosphate  of  lime  is  so  soluble  in  the  latter  salt,  that  it  could 
not  exist  as  a deposit  so  long  as  any  acidity  of  the  chloride  of 
ammonium  is  not  neutralized. 

The  observations  which  are  said  to  have  been  made  of  urine 
having  an  acid  reaction,  and  yet  containing  a permanent  deposit 
of  phosphates,1  if  they  cannot  be  explained  in  the  way  just 
detailed,  must  be  considered  as  fallacious.  They  are  contrary 
to  the  commonest  law  of  chemistry.  1 have  made  some  ob- 
servations, which  may  serve  to  explain  the  manner  in  which 
such  statements  have  come  to  be  called  observations.  Clear 
acid  urine  was  allowed  to  stand  for  three  hours,  when  a 
pellicle  of  phosphates  was  observed  on  the  surface.  Blue 
test-paper,  immersed  an  inch  deep  into  the  fluid,  on  being 
withdrawn  had  become  red.  Another  piece  of  the  blue  test- 
paper  was  now  laid  flat  upon  the  surface  of  the  fluid,  when 
no  reaction  took  place.  The  upper  stratum  of  the  urine  had 
evidently  become  alkaline  under  the  influence  of  the  air, 
while  the  lower  strata  had  retained  their  acidity. 

Urine  may  be  acid  for  a short  time  and  yet  contain  a 
deposit  of  phosphates ; or  it  may  contain  a deposit  of  phos- 
phates for  a short  time,  and  yet  remain  acid,  under  the  follow- 
ing circumstances.  If  to  acid  urine  in  the  bladder  a secre- 
tion of  alkaline  urine  be  superadded,  and  the  person  remain 
very  quiet,  the  lower  strata  of  the  urine  in  the  bladder  may 
be  alkaline  and  contain  a deposit,  while  the  upper  remain 
acid.  Of  course  this  may  vary  according  to  the  different  densi- 
ties of  the  two  secretions.  My  explanation  is  based  upon  a 
case  in  which  urine  was  discharged  acid,  and  yet  thick  from 
the  presence  of  phosphates.  But  the  upper  strata  of  the 
urine  soon  became  quite  clear,  and  a little  cloud  at  the 
bottom  of  the  vessel  dissolved  on  agitation. 

We  have  already  seen  that  an  alkaline  reaction  of  the  urine 
may  be  due  to*various  causes,  and  have  distinguished  between 
alkaline  reaction  from  fixed  alkalies,  derived  from  the  blood, 
and  that  which  is  due  to  the  presence  of  ammonia  from  de- 
composition of  urea.  The  deposits  of  earths  taking  place 

1 Dr.  G.  Bird,  ‘ Urin.  Dep.,’  p.  2Gft,  § 2G1. 
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under  the  neutralizing  influence  of  both  alkalies  are  identical 
as  regards  phosphate  of  lime,  different  as  regards  phosphate 
of  magnesia.  For  the  latter  is  deposited  by  fixed  alkali,  as 
POr,  + 3MgO  + 5 HO,  while  in  the  presence  of  ammonia  it 
takes  up  one  equivalent  of  this  base  and  water  of  crystal- 
lization, and  appears  as  P05  + 2MgO  -f  NH40  -f  12Aq. 
A deposit  containing  this  latter  salt  is  therefore  due  to  the 
presence  of  ammonia  from  decomposed  urea.  If  the  acid, 
by  means  of  which  phosphate  of  lime  is  kept  in  solution  in 
the  urine,  be  a volatile  one,  namely,  carbonic  acid,  as  was  ob- 
served in  one  case,  which  will  be  quoted  in  another  page, 
the  spontaneous  or  intentional  evaporation  of  the  acid  may 
cause  a deposit  of  lime  to  appear. 


Deposits  of  Phosphate  of  Lime. 

Physical  characters. — Deposits  of  phosphate  of  lime,  as 
usually  occurring  in  the  urine  and  mixed  with  magnesia,  are 
always  white,  amorphous,  under  the  microscope  appearing  in 
granules,  sometimes  of  a greenish  tinge,  which  exert  a re- 
fracting action  upon  light.  Crystallized  deposits  of  this 
substance  have  not  been  observed;  but  it  is  more  than 
doubtful  whether  it  does  not  enter  into  the  chemical  compo- 
sition, or  is  an  admixture  of  some  crystalline  sediments. 

Crystallization. — Phosphate  of  lime  may  be  obtained  in  a 
crystalline  state  from  its  solution  in  acetic  acid.  When  this 
solution  is  allowed  to  stand  some  time,  the  phosphate  has  a 
great  inclination  to  fall  down  from  this  solution  in  a 
crystalline  state,  particularly  when  the  mixture  is  warmed 
a little,  and  when  the  phosphate  is  prevalent.  By  precipi- 
tation of  phosphate  of  soda  with  chloride  of  calcium,  an 
amorphous  gelatinous  deposit  of  phosphate  of  lime  is  ob- 
tained. This  after  standing  some  days  becomes  transparent, 
like  solution  of  gum.  When  a sunbeam  is  now  allowed  to 
fall  on  the  precipitate,  myriads  of  glistening  crystalline 
points  may  be  observed  disseminated  through  the  amorphous 
part  of  the  deposit.  Under  the  microscope  these  crystals 
appear  as  delicate,  thin,  clino-rhombic  plates,  very  much  like 
the  crystals  of  oxalate  of  urea.1 

Chemical  diagnosis  of  deposits  of  phosphate  of  lime. — The 
occurrence  in  neutral  or  alkaline  urine  only  is  the  first 
point  to  be  observed.  The  deposit  is  insoluble  in  water, 

1 For  a perfect  crvstallographical  description,  see  Schmidt,  C.,  ‘ Krvstallo- 
nomische  Untersuchungen,’  1840,  p.  58. 
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soluble  in  weak  acids,  such  as  acetic  acid,  and  is  again 
precipitated  from  the  acid  solution  in  its  original  form  by 
ammonia.  From  the  acetic  acid  solution  oxalate  of  ammo- 
nia throws  down  oxalate  of  lime.  This  latter  test  distin- 
guishes it  from  the  phosphate  of  magnesia,  with  which  it  is 
always  mixed.  Phosphate  of  lime  alone  does  not  easily  fuse 
before  the  flame  of  the  blowpipe. 

When  diffused  in  urine,  the  deposit  appears  like  a dense 
cloud  of  mucus,  from  which  it  is  not  easily  distinguished, 
because  it  is  mostly  mixed  with  it,  and  resembles  it  in  colour. 
When  it  appears  in  urine  on  the  application  of  heat,  its 
resolution  on  cooling,  or  by  the  addition  of  an  acid,  distin- 
guishes it  from  albumen. 


Deposits  of  Ammonio -phosphate  of  Magnesia. 

Physical  characters. — Deposits  of  this  substance  always 
occur  in  well  defined  crystals  in  ammoniacal  mine.  No 
substance  commonly  occurring  in  the  urine,  and  being  inso- 
luble in  water,  presents  the  same  glistening  glass-like  appear- 
ance. 

Form  of  crystallization. — The  triple  phosphate  crystallizes 
in  the  rhombic  system.  The  form  most  commonly  met  with 
is  the  vertical  prism,  combined  with  terminal  planes  derived 
from  macro-  and  br achy- diagonal  horizontal  prisms.  Some 
of  these  forms1  resemble  hippuric  acid  very  much.  But 
there  is  this  crystallographical  distinction  between  them, 
that  on  crystals  of  hippuric  acid  we  frequently  observe 
planes  derived  from  the  rhombic  octahedron,  which  in  triple 
phosphate  are  scarcely  ever  met  with.  See  plate  III, 

fig-  2. 

Not  rarely  these  crystals  have  a tendency  to  cross  each 
other  at  regular  angles.  This  is  best  seen  in  crystals  ob- 
tained from  blood.  The  latter  serve  to  explain  other  forms 
observed  in  the  urine,  namely,  the  stellse,2  which  are  not 
merely  acicular  prisms  cohering  at  one  end,  but  prisms  crossed 
at  regular  and  symmetrical  intervals.  They  very  much  re- 
semble crystals  of  snow.  These  latter,  however,  being  prisms 
of  the  hexagonal  or  rhombohedral  system,  cross  at  equal 
angles  (of  one  sixth  of  the  circle  each),  since  the  triple  phos- 
phate crystals  cross  at  angles  of  which  only  four  are  equal, 
the  other  two  being  equal  to  each  other. 

’ Vide  Schmidt,  loc.  cit.,  p.  48. 

3 Vide  Dr.  G.  Bird,  p.  275,  fig.  40. 
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The  stellar  and  foliaceous  crystals  are  not  all  formed  by 
crossing  only,  some  being  appositions  of  groups  of  crystals 
in  the  prolongations  of  the  axes  of  a central  crystal.  In  this 
way  the  most  fanciful  forms  are  obtained. 

The  crystals  of  triple  phosphate  polarize  light,  and  then 
appear  tinted  with  prismatic  colours.  When  seen  in  a sun- 
beam reflected  through  the  polarizing  microscope,  they  appear 
the  finest  objects  for  studying  the  phenomena  of  polariza- 
tion. 

Chemical  properties. — When  kept  in  water  the  triple  phos- 
phate disintegrates,  the  surface  of  the  crystals  becomes  cor- 
roded, and  at  last  there  is  nothing  left  but  amorphous 
phosphate  of  magnesia.  This  corrosion  is  prevented  by  the 
presence  of  free  ammonia,  which  makes  them  quite  insoluble 
in  water,  and  is  therefore  eligible  as  a preserving  fluid  for 
microscopical  specimens.  When  the  transparent  crystals  are 
exposed  to  a boiling  heat,  they  lose  water  of  crystallization 
and  become  opaque.  They  are  easily  soluble  in  acetic  acid, 
and  from  this  solution  may  be  obtained  again  by  excess  of 
ammonia. 

When  heated  with  a solution  of  potash,  the  triple  phos- 
phate is  decomposed,  the  potash  combining  with  the  phos- 
phoric acid  and  setting  free  the  ammonia  and  the  magnesia. 
The  former  volatilizes,  and  may  be  detected  by  the  smell, 
while  the  magnesia  is  precipitated.1  (PCh,  + 2MgO  -+- 
NH40  -f  12HO)  + 2KO  = (P05  + 2KO  + HO)  + NH3 
+ 2MgO  + 12HO. 

Earthy  Phosphates  in  Calculi. 

Not  quite  10  per  cent,  of  all  calculi2  have  a nucleus  of 
mixed  phosphates.  But  these  substances  enter  into  the  com- 
position of  about  34  per  cent,  of  all  calculi,  forming  either 
tlieir  body,  one  or  more  layers,  or  the  crust.  This  shows 
that  the  presence  of  deposits  of  mixed  phosphates  in  the 
urine  scarcely  ever  gives  rise  to  the  formation  of  calculus, 
but  that  the  presence  in  the  bladder  of  other  calculi  fre- 
quently causes  a deposit  of  phosphates  to  be  formed  around 
them,  in  which  respect  every  calculus  is  nothing  else  than  a 
foreign  body. 


1 Bowman,  ‘Med.  Chem.,’  § 390. 

5 Twenty-two  out  of  233  in  Guy’s  Hospital  Museum.  Dr.  Golding  Bird 
gives  the  number  of  calculi  preserved  there  as  374,  which  is  inclusive  of  142 
calculi  taken  from  one  individual.  For  calculating  the  comparative  frequency  of 
calculi,  such  a mode  of  reckoning  is  unavailable.  We  therefore  take  the  142  as 
1,  and  then  we  have  374  — 141  =233. 
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Prout  found  the  proportion  of  phosphate  of  lime  calculi  to 
the  whole  number  contained  in  various  museums  as  1 to  117. 
The  proportion  of  calculi  composed  of  pure  triple  phosphate  was 
1 to  126f.  The  relative  proportion  of  the  mixed  phosphates  he 
put  as  1 to  12i.  The  general  proportion  of  all  the  calculi, 
arranged  under  the  heads  of  the  phosphates  in  different  mu- 
seums, he  found  as  1 to  10.  In  alternating  calculi,  the  phos- 
phates succeeded  to  uric  acid  in  the  proportion  of  1 to  9^.  The 
ratio  in  which  the  phosphates  succeeded  to  urate  of  ammonia 
(and  soda)  was  as  1 to  12^;  and  in  which  the  phosphates  suc- 
ceeded to  the  oxalate  of  lime  was  as  1 to  7-L  On  the  contrary, 
three  instances  only  occurred  in  which  the  uric  acid,  or  urate 
of  ammonia,  succeeded  to  a phosphate ; and  the  proportion  in 
which  the  oxalate  of  lime  succeeded  to  the  phosphates  was 
as  1 to  2531  only.  The  general  proportion  in  which  the  phos- 
phates succeeded  to  the  other  ingredients,  was  as  1 to  4^-. 

From  these  facts,  Prout  deduced  the  general  law  that,  in 
urinary  calculi,  a decided  deposition  of  the  mixed  phosphates 
is  not  followed  hy  other  depositions. 

Calculi  of  phosphate  of  lime  have  mostly  a smooth  surface, 
and  are  composed  of  concentric  layers,  which,  when  the  calculus 
is  broken,  separate  from  each  other  with  great  facility,  forming 
detached  crusts.  These  are  almost  infusible  before  the  blow- 
pipe, requiring  for  fusion  so  intense  and  prolonged  a heat, 
that  few  can  succeed  in  fusing  it  (Bowman).  The  chemical 
characters  of  these  calculi  are  those  of  phosphate  of  lime,  as 
described  above. 

Calculi  composed  entirely  of  triple  phosphate  are  generally 
crystalline,  or  consisting  of  aggregated  prismatic  crystals; 
they  often  contain  cavities  filled  with  the  largest  and  most 
perfect  crystals  of  triple  phosphate,  or  have  their  surface 
covered  with  a smaller  variety  of  them.  Specimens  of  this 
kind  are  contained  in  the  Museum  of  the  College  of 
Surgeons. 

Before  the  blowpipe,  the  triple  phosphate  gives  off  the 
smell  of  ammonia,  swells  up,  gradually  becomes  gray,  and 
ultimately  fuses. 

Calculi  composed  of  phosphate  of  lime  and  triple  phos- 
phate are  commonly  called  fusible  calculi,  from  the  readi- 
ness with  which  they  fuse  before  the  blowpipe,  giving  oft* 
ammonia  and  water,  and  leaving  a mixture  of  phosphate  of 
lime  and  pyrophosphate  of  magnesia. 
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Physiological  quantities  of  Earthy  Phosphates  in  the  Urine. 

The  proportion  in  which  the  phosphate  of  lime  in  the 
urine  stands  to  the  phosphate  of  magnesia  has  been  deter- 
mined by  Kletzinsky1  to  he  about  two  to  one ; namely,  67 
parts  of  phosphate  of  lime  and  33  parts  of  phosphate  of  mag- 
nesia in  100  parts  of  mixed  earthy  phosphates  precipitated 
from  healthy  urine. 

The  average  amount  of  phosphates  of  the  alkaline  earths 
discharged  by  a healthy  man  in  twenty-four  hours,  has  been 
determined  by  Beneke2  to  be  T2  grammes.  Under  ordinary 
diet,  Lehmann  discharged  109  grammes;  Boecker,3  U48 
grammes.  These  observations  give,  as  the  average  of  mixed 
phosphates  during  twenty-four  hours,  1\28  grammes. 

Mosler  and  Hegar  determined  the  quantity  of  earthy 
phosphates  by  calculation  from  their  phosphoric  acid.  The 
former  made  two  series  of  observations  upon  himself,  the 
first  series  comprising  six  days  in  April,  the  second  four  days 
in  October.  His  results  wrere  as  follows  : 

Observations  of  the  quantity  of  Phosphoric  Acid  combined 
with  Earths  in  the  Urine. 


First  Series. 
Amount  of  PO5. 

Second  Series. 
Amount  of  PO5. 

During  one 
hour . 

During  one 
day. 

During  one 
hour. 

During  one 
day. 

Minimum  . 
Medium 
Maximum  . 

Grammes. 

0015 

0-048 

0-075 

Grammes. 

0- 370 
1152 

1- 800 

Grammes. 
0 007 
0-015 
0-027 

Grammes. 

0-170 

0-390 

0-6G0 

In  other  healthy  individuals,  Hosier  found  the  average 
per  hour  of  P05  to  fluctuate  between  0 01 5 and  0*019 
grammes.  Hegar  found  from  observations,  extending  over 
eight  days,  that  he  discharged  1*31  grammes  of  phosphoric 
acid  in  combination  with  earths.  Six  months  afterwards, 
the  average  of  four  days  was  only  0*902  grammes  of  PO;,. 
Ncubaucr  determined  directly  the  amount  of  lime  and  mag- 

1 Heller’s  ‘Archiv,’  1852,  p.  270,  ct  seq. 

2 ‘ Zur  Physiol,  und  Pathol,  des  Phosphors,  und  Oxals.  Kalkes,’  Gottingen, 
1850. 

3 ‘ Beitriige  zur  Heilkuude,’  Crefeld,  1849. 
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nesia  discharged  by  two  healthy  persons.  His  results  are 
arranged  in  the  following  table  : 


Observations  oj  the  quantity  of  Lime  and  Magnesia  discharged 
during  twenty-four  hours. 


First  Individual. 
Average  of  seventeen  days. 

Second  Individual. 
Average  of  twenty-one  days. 

Lime. 

Magnesia. 

Linre. 

Magnesia. 

Minimum  . 

Medium  . . .‘ 

Maximum  . 

Grammes. 

0'057 

0-096 

0-169 

Grammes. 

0-096 

0-173 

0-271 

Grammes. 

0-118 

0-250 

0-356 

Grammes. 

0-084 

0-219 

0-262 

From  all  the  observations  taken  together,  it  follows,  that 
the  amount  of  earthy  phosphates  in  the  urine  varies  in 
different  individuals,  and  in  the  same  individuals  at  different 
times.  A general  average  for  any  given  weight  of  individual 
can  therefore  not  he  drawn  at  present.  It  can  only  he  ob- 
tained by  extended  observations  on  the  urine,  taking  into 
consideration  the  quantities  of  earths  ingested  with  the  food, 
and  those  discharged  by  way  of  the  bowels. 

The  influence  which  different  qualities  of  food  have  upon 
the  quantity  of  earthy  phosphates  discharged  by  the  urine  is 
well  illustrated  in  the  experiment  of  Lehmann.  As  we  have 
already  stated,  when  eating  mixed  food,  his  average  amount 
of  earthy  phosphates  was  L09  grammes.  But  when  he  re- 
stricted himself  to  animal  diet,  the  amount  rose  to  356 
grammes,  being  more  than  three  times  his  ordinary  average. 

Pathological  indications. 

1.  The  presence  of  earthy  phosphates  in  the  urine  is  indica- 
tive of  the  alkaline  condition  of  that  fluid. 

2.  If  the  precipitate  of  earthy  phosphates  is  entirely  amor- 
phous, ive  may  conclude  that  the  alkali  which  caused  it  was  not 
ammonia. 

3.  If,  however , the  precipitate  contains  crystals  of  triple 
phosphate,  it  indicates  the  presence  of  ammonia,  arising  most 
probably  from  decomposition  of  urea. 

An  excess  or  deficiency  of  earthy  phosphates  in  the  urine  can 
only  be  ascertained  by  quantitative  chemical  analysis.  The 
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mere  presence  in  the  urine  of  a deposit  of  this  kind,  or  its  ap- 
pearance in  the  urine  on  heating,  is  by  no  means  indicative  of 
an  excess,  as  is  yet  too  commonly  believed.  The  originators  of 
the  term  phosphatic  diathesis  and  phosphuria,  and  their  fol- 
lowers, linked  a series  of  the  most  varied  disorders  together 
under  this  term,  which  had  nothing  in  common  but  one 
symptom,  namely,  alkaline  urine.  The  following  facts  and 
considerations  may  perhaps  serve  to  explain  some  opinions, 
which,  by  the  weight  of  authority,  are  rather  widely  circu- 
lated, but  nevertheless  require  a thorough  reformation. 

Animal  diet  has  a tendency  to  increase  the  acidity  of  the 
urine;  vegetable  diet  easily  makes  it  alkaline.  The  dys- 
peptic, therefore,  eating  little  or  no  meat,  will  easily  cause 
his  urine  to  be  alkaline  by  eating  a little  fruit,  for  which 
he  not  unfrequently  has  a longing.  But  even  if  no  fruit  has 
been  partaken  of,  and  but  little  meat,  the  secretion  may  be 
alkaline;  in  the  former  case  from  the  presence  of  carbo- 
nates, in  the  latter  from  that  of  alkaline  phosphates  from  the 
blood,  which  the  free  acid  has  not  been  sufficient  to  trans- 
form into  acid  salts. 

What  want  of  appetite  for  animal  food  causes  in  the  dys- 
peptic patient,  want  of  animal  food  causes  in  poor,  old  people. 
The  alkaline  urine  of  the  octogenarian  dependent  upon  paro- 
chial relief,  is  the  consequence  of  his  not  being  able  to  afford 
meat  once  a week.  Hence,  in  these  cases,  the  acidity  of  the 
urine  is  restored  by  a proper  allowance  of  meat. 

The  antemic  girl  and  the  diabetic  patient  are  instances  of 
the  same  character.  In  the  former,  the  phosphates  may  be 
altogether  absent  for  a day  or  two,  so  that  the  urine,  being 
alkaline,  will  form  no  deposit.  Meat  diet  will  soon  restore 
acidity  and  phosphates.  In  diabetic  patients,  phosphate  of 
lime  is  sometimes  altogether  absent,  and  the  alkaline  urine 
deposits  the  triple  phosphate  only.  Lehmann  observed  such 
a case.  The  glittering  crystalline  deposit  of  triple  phosphate 
contained  no  trace  of  lime.  We  may  here  observe,  that  the 
microscopical  analysis  is  not  sufficient  to  prove  the  absence 
of  phosphate  of  lime.  For  Vogel  (p.  203)  observes  that  de- 
posits of  the  latter  salt  are  often  so  transparent,  and  their 
outlines  are  so  little  defined,  that  when  mixed  with  the  triple 
phosphate  they  are  easily  overlooked,  unless  the  observer 
takes  particular  care  in  illuminating  his  object.  It  is  for 
this  reason,  that  we  cannot  take  any  notice  of  statements  re- 
garding the  occurrence  of  deposits  of  the  triple  phosphate, 
unmixed  with  phosphate  of  lime,  which  are  not  sustained  by 
exact  chemical  tests. 

Urine  becomes  alkaline  when  retained  in  the  bladder  for 
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any  unusual  lengtli  of  time.  Tliis  will  not  so  much  occur 
when  absolute  retention  takes  place,  as  when  from  any  cause 
the  bladder  is  never  emptied  entirely  of  its  contents.  This 
causes  irritation  of  the  mucous  membrane,  and  an  increased 
discharge  of  mucus,  which,  being  retained  also,  is  present  in 
unusual  quantity.  Whether  by  means  of  the  mucus,  or  on 
its  own  account,  we  do  not  pause  to  discuss — but  urea  is  de- 
composed, making  the  urine  ammoniacal.  A small  part  of  this 
ammoniacal  urine  is  always  retained,  and  induces  quickly  an 
analogous  decomposition  in  the  fresh  arrivals  from  the  ureters. 
The  urine  is  then  discharged  alkaline,  thick,  and  fetid.  But 
when  the  bladder  is  thoroughly  emptied  and  washed  out  by 
injection,  an  acid  urine  will  immediately  collect  in  it. 

This  is  the  physiological  explanation  of  these  cases,  as 
proved  by  experience,  reason,  and  experiment.  Let  the 
retention  be  due  to  paralysis  of  the  bladder,  from  whatever 
cause, — affection  of  any  part  of  the  spine,  from  hemiplegia  or 
paraplegia,  or  from  difficult  childbirth ; let  it  be  due  to  the 
presence  of  diverticles  of  the  bladder,  to  calculi  or  foreign 
bodies,  to  enlarged  prostate,  to  stricture  of  the  urethra ; or  let 
the  retention  be  caused  by  the  perverse  will  of  insanity,  in 
which  excretions  are  frequently  held  back,  entirely  or  in 
part ; or  let  partial  retention  occur  in  the  coma  of  fever — it 
will  always  have  the  same  effect,  decomposition  of  urea  and 
ammoniacal  urine. 

There  are  some  rare  and  extraordinary  cases,  in  which 
phosphate  of  lime  is  said  to  continue  to  be  discharged  in  the 
urine  for  a long  time  without  apparently  doing  much  mis- 
chief. Such  a case  is  recorded  by  Dr.  G.  Bird  (p.  294) . The 
patient  was  an  old  man,  an  habitual  dyspeptic,  and  had 
laboured  under  pyrosis  from  boyhood.  He  had  during  many 
years  been  in  the  habit  of  passing  almost  milky  urine,  which 
on  repose  deposited  such  an  extraordinary  quantity  of  phos- 
phate of  lime,  that  he  brought  to  Dr.  G.  Bird,  at  one  time, 
more  than  an  ounce  of  the  salt.  He  had  during  the  last  fifty 
years  been  under  the  treatment  of  half  the  hospital  physicians 
and  surgeons  in  London.  At  the  same  time  this  man’s 
general  health  was  so  good,  that  there  was  scarcely  an  excuse 
for  submitting  him  to  any  course  of  treatment,  beyond  the 
apprehension  of  the  possible  formation  of  a calculus.  This 
man  was  most  probably  an  impostor.  No  pretence  could 
lead  him  to  the  hospital,  from  which  during  a fifty  years’ 
experience  he  had  derived  no  benefit  regarding  a symptom, 
which,  if  really  present,  left  his  health  intact.  To  collect  an 
ounce  of  the  earthy  phosphates  must  have  engaged  him  for 
sixteen  days,  supposing  it  all  to  be  derived  from  his  own 
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excretions.  And  no  man  will  take  that  trouble  knowingly 
for  no  purpose;  his  object  must  be  to  make  himself  interest- 
ing in  the  eyes  of  the  physician,  and,  if  possible,  to  derive 
the  benefit  of  being  kept  in  the  charity  some  time. 

If  the  reader  should  not  share  our  doubts,  he  may  adopt 
the  explanation  by  Dr.  G.  Bird,  for  which,  however,  there  is 
no  basis  in  fact ; or  he  may  explain  it  upon  the  ground  of  the 
following  observation  recorded  by  Dr.  Prout  (p.  323,  note). 
This  physician  examined  the  body  of  a gentleman  who, 
during  the  greater  part  of  his  life,  had  suffered  from  renal 
disease,  remarkable  for  being  attended  by  the  secretion  of 
large  quantities  of  the  earthy  phosphates.  Both  kidneys 
were  not  only  extensively  disorganized,  but  most  of  the 
natural  cavities,  as  well  as  many  cysts,  were  found  distended 
with  numerous  earthy  concretions,  of  various  sizes  and  com- 
position. The  concretions  found  in  those  cavities  to  which 
the  urine  had  access,  consisted  of  the  phosphate  and  carbonate 
of  lime,  and  more  or  less  of  the  triple  phosphate  of  ammonia 
and  magnesia,  while  those  cavities  or  cysts  distinct  from  the 
renal  structure,  and  to  which,  therefore,  the  urine  had  no 
access,  consisted  of  the  calcareous  phosphate  and  carbonate 
only,  without  any  admixture  of  the  triple  phosphate. 

Prom  a consideration  of  many  cases  of  earthy  calculi,  it 
is  apparent  that  the  mere  presence  in  the  bladder  of  deposits 
of  the  earthy  phosphates  never  gives  rise  to  calculi.  For 
such  a concretion  to  form,  it  requires  the  presence  of  some 
binding  material,  such  as  ropy  mucus,  or  a clot  of  blood,  or 
fibrine.  It  is  for  this  reason  that  urine,  which  deposits  the 
earths  in  the  bladder  under  the  influence  of  fixed  alkali,  has 
never  been  known  to  form  a calculus.  It  is  only  with  the 
aid  of  luematuria,  or  chronic  disease  of  the  mucous  mem- 
brane, that  calculi  are  formed.  In  accordance  with  this, 
calculi  are  rare  in  the  bladder  of  lierbivora,  which  discharge 
alkaline  urine,  and  therefore  always  mixed  with  a large  pro- 
portion of  a deposit  of  earthy  phosphates. 

Carbonate  of  lime  is  met  with  in  some  urinary  concretions,  but 
very  rarely.  The  above  observation  of  Dr.  Prout  illustrates 
the  circumstances  under  which  it  may  occur.  It  is  a regular 
ingredient  of  the  urine  of  lierbivora.  I have  examined  pros- 
tatic concretions  consisting  nearly  entirely  of  this  substance. 
But  it  is  always  questionable  whether  the  lime  or  carbonic 
acid  were  in  any  case  derived  from  the  urine. 
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Symbol:  Fe.  Equiv.:  28’0. 

I am  obliged  to  treat  of  iron  in  this  place,  though  it 
would  perhaps  have  been  more  properly  arranged  under 
Ursematine,  of  which  substance  Hr.  Harley  has  shown  that  it 
always  forms  an  integral  part,  thus  indicating  its  derivation 
from  hcematine  proper.  In  the  course  of  time  we  may 
perhaps  succeed  in  finding  the  proportion  in  which  iron  is 
contained  in  ursematine ; and  in  that  case  this  metal  would 
be  valuable  for  determining  the  quantities  of  this  colouring 
principle  in  the  urine. 

Besides  the  iron  normally  combined  with  ursematine,  an 
accidental  quantity  may  be  present  in  the  urine,  after  the 
ingestion  into  the  system  of  preparations  of  iron.  These 
latter  combinations  yield  the  ordinary  tests  for  iron  with  the 
usual  reagents,  and  therefore  differ  considerably  from  the 
iron  combined  with  uraunatine,  which  is  not  influenced  by 
the  addition  to  the  urine  of  the  usual  test-solution  for  iron. 
For  the  iron  of  ursematine  to  exhibit  its  ordinary  proper- 
ties, it  requires  the  total  destruction,  by  heat,  of  the  organic 
substance  with  which  it  is  combined,  and,  after  solution  in  a 
mineral  acid,  it  becomes  accessible  to  the  tests. 

Chemical  properties. 

When  to  the  solution  in  hydrochloric  acid  of  the  ashes 
of  urine  a drop  of  nitric  acid  is  added,  and  afterwards 
sulpliocyanide  of  potassium,  a reddish  colour  is  produced 
by  the  presence  of  the  smallest  traces  of  iron,  and  a deep 
red  by  the  presence  of  larger  quantities. 

Another  portion  of  the  solution  of  the  ashes,  after  boiling 
with  a little  nitric  acid  and  dilution  with  water,  may  be 
treated  with  ferrocyanide  of  potassium,  when  immediately  a 
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precipitate  of  Prussian  blue  will  ensue,  if  the  quantity  of  iron 
present  be  large.  If,  however,  traces  only  are  present,  it 
will  require  several  hours’  standing  for  the  blue  flakes  or 
light  clouds  of  Prussian  blue  to  become  visible  by  deposition. 

Marguerite’s  method  of  determining  the  quantity  of  Iron  in 

Urine. 

When  a solution  of  suboxyde  of  iron  in  an  excess  of  hy- 
drochloric acid,  is  mixed  with  a solution  of  permanganate  of 
potash,  the  suboxyde  is  transformed  into  oxyde,  and  the  per- 
manganate reduced  to  manganate.  One  equivalent  of  per- 
manganate of  the  composition  Mn207  + KO  yields  5 equiva- 
lents of  oxygen,  and  thereby  transforms  1(3  equivalents  of 
suboxyde  of  iron  into  oxyde.  A solution  of  permanganate 
of  potash  of  known  strength,  therefore,  may  serve  to  deter- 
mine the  quantity  of  iron  contained  in  any  solution  in  the 
form  of  suboxyde,  if  added  in  a quantity  just  sufficient  to 
effect  the  oxydation.  This  quantity  may  be  accurately  deter- 
mined by  the  loss  of  colour  which  the  permanganate  under- 
goes as  long  as  it  is  continued  to  be  reduced ; but  a single 
drop  of  this  fluid  which  is  added,  over  the  quantity  necessary 
for  effecting  the  transformation  into  oxyde  of  the  whole  of 
the  suboxyde  present,  imparts  to  the  mixture  a light-red 
colour,  which  indicates  the  completion  of  the  analysis. 

Preparation  of  the  standard  solution  of  permanganate  of 
potash. — We  dissolve  crystallized  permanganate  of  potash  in 
an  ad  libitum  quantity  of  water,  and  determine  the  strength 
of  a given  volume  of  this  solution  by  the  following  standard 
solution  of  ferrocyanide  of  potassium,  given  by  Neubauer  : — 
7 5 13  grammes  of  pure,  crystallized,  dry  ferrocyanide  of 
potassium,  containing  PO  gramme  of  iron,  are  dissolved  in 
so  much  water,  that  the  solution  exactly  amounts  to  one 
litre.  10  c.c.  of  this  solution  contain  exactly  10  milli- 
grammes of  iron.  10  equivalents  of  ferrocyanide  of  potassium 
require  1 equivalent  of  permanganic  acid  to  be  transformed 
into  5 equivalents  of  ferricyanide  of  potassium. 

Of  this  solution  we  now  take  10'0  c.c.,  containing  10  milli- 
grammes of  iron,  dilute  it  with  about  50  c.c.  of  water,  acidu- 
late with  hydrochloric  acid,  and  after  having  placed  the 
beaker  upon  a piece  of  white  paper,  we  add  the  solution  of  per- 
manganate of  potash  to  the  solution  of  iron,  which  latter  is 
kept  in  a rotating  motion.  The  appearance  of  a yellowish-red 
colour  indicates  the  completion  of  the  test.  Supposing  the 
10  milligrammes  of  iron  contained  in  the  10  c.c.  of  solution 
of  the  ferrocyanide  required  20  c.c.  of  the  solution  of  per- 
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manganate  of  potasli  for  complete  oxydation,  1 c.c.  of  the 

latter  fluid  would  correspond  to  — = 0'5  milligramme 

of  iron.  The  strength  of  the  solution  of  the  permanganate 
of  potash  may  also  be  determined  by  the  solution  of  chloride 
of  iron  of  known  strength  described  under  phosphoric  acid; 
or  by  the  solution  of  oxalic  acid  of  known  strength;  described 
under  the  analysis  for  phosphate  of  lime.  By  calculation  of 
the  equivalent;  it  may  easily  be  adapted  to  the  equivalent  of 
iron. 

Application  to  the  urine . — The  ashes  of  a given  bulk  of 
urine;  say  100  c.c.;  burned  perfectly  white;  if  necessary;  by 
the  aid  of  nitrate  of  ammonia;  are  dissolved  in  hydrochloric 
acid.  The  chloride  of  iron  has  now  to  be  reduced  to  the  state 
of  subcliloride.  This  is  best  done  by  dissolving  pure  zinc, 
which  has  been  expressly  ascertained  to  be  free  of  iron,  in 
the  acid  solution,  until  the  latter  has  lost  all  its  colour 
(method  of  Schwarz1).  It  is  now  freed  from  the  excess  of  zinc 
and  other  matters  by  filtration,  and  diluted  to  the  bulk  of 
about  50  c.c.  The  solution  of  permanganate  of  potash  of 
known  strength,  as  determined  before  use,  is  now  added  to 
the  solution  of  iron,  and  mixed  with  it  by  agitation  until  the 
red  test  appears.  Supposing  1 c.c.  of  the  solution  of  per- 
manganate of  potash  to  be  graduated  for  0-0005  grammes  of 
iron,  and  supposing  that  wre  have  used  for  the  oxvdation  of 
the  suboxyde  of  iron  obtained  from  100  c.c.  of  urine, 
3 c.c.  of  the  standard  solution  of  the  permanganate,  they 
would  indicate  3 x O' 0005  grammes  = 0'0015  grammes  of 
iron.  Supposing  that  of  this  urine  15000  c.c.  were  dis- 
charged during  twenty-four  hours,  the  amount  of  iron  thus 
secreted  would  be  0'0225  grammes. 

The  disappearance  of  the  red  colour  test  after  standing 
a little  while,  is  due  to  further  changes  not  in  connection 
with  the  analysis,  and  need  not,  therefore,  be  regarded  by 
the  experimenter. 

Physiology  and  Pathological  indications  of  Iron. 

We  know  that  iron  is  a component  part  of  the  red  colour- 
ing matter  of  the  blood  or  hsematine,  and  that  a deficiency  of 
iron  in  this  substance,  or  in  the  blood  and  organism  gene- 
rally, constitutes  a feature  of  certain  diseases,  which  generally 
pass  under  the  name  of  chlorosis  and  anaemia.  The  simi- 
larity to  lucmatinc  which  urannatine  exhibits,  by  its  con- 


1 ‘ Maassanalysen,’  p.  120. 
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tabling  iron  in  chemical  combination,  is  one  of  the  strongest 
reasons  for  considering  it  a derivate  of  the  former.  We  are 
the  more  struck  by  the  analogy  which  the  ursematine,  as 
regards  its  quantity,  bears  to  the  haematine  in  the  diseases 
above  mentioned.  But  so  much  remains  here  to  be  ascer- 
tained by  fact,  that  I think  it  dangerous  to  do  more  than 
give  a glimpse  in  this  direction  at  present. 

The  analysis  of  the  urine  may  prove  useful  for  determining 
the  amount  of  iron  which  enters  the  blood  and  circulation, 
when  it  is  taken  as  a medicine. 


CHAPTER  XV. 


AMMONIA. 


According  to  Professor  Liebig/  fresh  healthy  urine  con- 
tains only  very  small  or  very  doubtful  traces  of  ammonia,  and 
gives  no  precipitate  with  chloride  of  platinum.  The  crystals 
which  form  overnight  in  urine  mixed  with  chloride  of  plati- 
num exhibit  all  the  properties  of  the  chloride  of  platinum 
and  potassium.  And  if  any  chloride  of  platinum  and  ammo- 
nium should  be  mixed  with  them,  it  is  uncertain  whether 
these  are  not  due  to  the  decomposing  influence  of  the  chlo- 
ride of  platinum  upon  the  organic  constituents  of  the  urine. 
By  the  application  of  heat  to  the  urine,  ammonia  will  be 
evolved.  When  subjected  to  distillation  in  a retort,  the 
fluid  which  goes  over  will  contain  ammonia  to  the  last — a 
phenomenon  which  has  been  explained  by  the  decomposing 
influence  of  the  acid  phosphate  of  soda  upon  urea  and  colour- 
ing matter.  The  phosphate  of  ammonia  and  soda  thus 
formed  has  the  property  of  giving  off  its  ammonia  at  a tem- 
perature of  212°  E.,  and  the  acid  phosphate  thus  left  is 
again  and  again  a generator  of  ammonia,  as  long  as  any 
organic  substances  are  left  capable  of  yielding  that  base. 
The  influence  of  the  alkaline  earths,  as  lime  and  baryta,  upon 
the  urea  in  the  urine  is  so  great,  particularly  in  higher  tem- 
peratures, that  it  will  require  strong  proof  to  shoiv  that  any 
of  them  can  with  safety  be  used,  even  at  the  common  tempe- 
rature of  the  ah’,  for  liberating  from  the  urine  any  ammonia 
that  may  be  present  as  such  in  combination  with  an  acid. 
It  has  been  stated  in  a former  chapter,  that  ammonia  occurs 
in  combination  with  uric  acid,  and  that  urate  of  ammonia 
might  be  an  ingredient  of  all  healthy  urine.  It  is  here  the 
place  to  state,  that  the  difficulty  of  affording  a direct  proof 
for  this  assumption  cannot  be  disguised.  For,  that  urate  of 
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ammonia  may  occur  in  a deposit,  is  in  itself  no  proof  tliat  it 
may  occur  under  ordinary  circumstances ; for  a deposit  is  a 
morbid  feature,  however  slight  the  symptoms  may  be  which 
the  individual  experiences  at  the  time  of  its  occurrence. 
And  if,  on  the  other  hand,  urate  of  ammonia  forms  on  the 
surface  of  evaporating  urine,  this  cannot  be  assumed  as  a 
proof  simply  of  over-saturation  of  the  fluid  with  this  salt,  for 
the  reason  already  stated,  namely,  that  in  higher  tempera- 
tures ammonia  is  produced  from  urea  by  the  decomposing 
influence  of  the  acid  phosphate. 

To  prove  the  presence  of  ammonia  in  a deposit  of  the 
ordinary  urates  is  by  no  means  an  easy  task.  It  is  easy 
enough  to  filter  off  the  deposit,  to  wash  and  dry  it,  and  by 
solution  in  caustic  potash  to  prove  an  evolution  of  ammonia. 
But  to  get  the  deposit  pure  and  free  from  all  matters 
which,  with  caustic  potash,  are  capable  of  giving  off  ammonia, 
is  at  present  almost  impossible.  In  fact,  the  proof  that  the 
ammonia  obtained  by  the  process  just  mentioned  was  com- 
bined with  uric  acid,  is  altogether  wanting.  Under  these 
circumstances  we  cannot  be  astonished  to  find  that  accurate 
observers,  as  Lehmann  and  Scherer,  share  the  doubts  of 
Liebig  regarding  the  presence  of  ammonia  as  a normal  ingre- 
dient in  urine.  The  analyses  of  Heintz1  are  by  no  means 
calculated  to  set  the  question  at  rest,  as  some  authors  have 
rather  precipitately  assumed.  For  if  the  chloride  of  platinum 
were  a reliable  test  for  the  decision  of  this  question,  such  a 
man  as  Liebig  would  never  have  set  it  aside  in  the  manner 
indicated.  The  researches  of  Boecker,  Boussingault,  and  De 
Yry  have  had  no  decisive  result ; though  the  analyses  of 
Boussingault  seem  to  support  the  presence  of  ammonia  in  the 
urine.  The  best  proof  as  yet  advanced  of  the  regular  presence 
in  the  urine  of  certain  quantities  of  ammonia  seems  to  be 
afforded  by  the  analyses  of  Neubauer,2  who  adapted  the  method 
of  Schlosing  for  the  volumetrical  analysis  of  ammonia  in  the 
urine.  There  is  only  one  objection  to  this  method,  which  I 
have  already  advanced ; the  ammonia  is  set  free  by  the 
addition  to  the  urine  of  milk  of  lime.  Now,  if  it  can  be 
proved  that  milk  of  lime  at  the  ordinary  temperature  of  the 
air  does  not  within  a reasonable  limit  of  time  create  ammonia 
from  urea  and  the  other  organic  substances,  we  are  bound  to 
say  that  an  essential  progress  would  be  effected  by  these 
researches  of  Neubauer.  The  subject  of  ammonia  in  connec- 
tion with  the  animal  economy  would  be  of  immense  import- 

1 Poggendorffs  ‘ Annalen,’  1845,  p.  118. 

5 ‘Journal  fur  Practische  Chemie,’  Bd.  64,  p.  177,  and  ‘ Anleitutig,’  § 56. 
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ance,  if  it  should  be  proved  beyond  the  shadow  of  a doubt, 
what  Dr.  Richardson1  has  endeavoured  to  show,  namely,  that 
ammonia  is  a regular  constituent  of  the  blood,  and  the  solvent 
of  fibrine  in  the  living  body. 

Symbol : NII;r 

Equivalent  = 17*0.  H3  = 3*0 — 17*65 

N =14*0  — 82*35 

NHg=  17*0  100*00 

The  chemical  properties  of  ammonia,  as  far  as  it  is  neces- 
sary to  give  them  here  for  our  special  purpose,  are  easily 
defined.  It  is  the  only  volatile  alkali  witli  which  chemistry 
is  acquainted ; and  of  this  property  we  avail  ourselves  for  its 
analysis. 

It  is  driven  out  of  its  combinations  and  salts  by  caustic 
lime,  and  evaporates  spontaneously  from  watery  solutions 
when  exposed  to  the  air. 

In  a mixture  of  perfectly  neutral  solutions  of  sulphate  of 
silver  and  arsenious  acid,  the  slightest  trace  of  ammonia 
causes  immediately  a delicate  but  dense  yellowisli-white  pre- 
cipitate of  arsenite  of  silver,  which  is  easily  soluble  in  the 
slightest  excess  of  acid.  This  is  the  most  delicate  test  for 
ammonia.  Upon  this  I have  based  the  following  proceeding : 

Demonstration  of  the  presence  of  Ammonia  in  Urine. 

The  ammonia,  which  has  been  liberated  from  urine  by 
means  of  milk  of  lime,  is  made  to  pass  in  the  form  of  gas 
into  a solution  of  sulphate  of  silver  and  arsenious  acid ; the 
precipitate  ensuing  is  evidence  of  its  presence. 

Determination  of  the  quantity  of  Ammonia  in  Urine  by 
volumetrical  analysis. 

The  method  just  described  may,  with  slight  modifications, 
be  used  for  determining  the  quantity  of  ammonia  thus 
evolved.  Into  a potash  bulb  is  put  a known  amount  of 
sulphuric  acid  of  known  strength,  and  the  ammonia  evolved 
from  the  urine  by  lime  is  made  to  pass  through  it  by  means 
of  an  aspirator.  All  ammonia  of  the  urine  will  be  combined 
with  the  sulphuric  acid  in  the  apparatus.  The  acid,  thus 
combined  with  the  ammonia,  is  now  put  into  a beaker. 


1 Astley  Cooper  Prize  Essay  for  1856,  ‘ On  the  Cause  of  the  Coagulation 
of  the  Blood.’ 
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and  saturated  with  a solution  of  caustic  soda  of  known 
strength.  The  point  of  neutrality  is  indicated  by  the  appear- 
ance of  a white  precipitate  of  arsenite  of  silver,  when  the 
solution  of  sulphate  of  silver  and  arsenious  acid  has  pre- 
viously been  added  to  the  sulphuric  acid,  and  by  the  re- 
appearance of  the  blue  colour  when  tincture  of  litmus  has 
been  used  as  the  indicator.  The  former  test  is  particu- 
larly useful,  when  we  have  to  work  with  artificial  light,  which 
does  not  permit  the  distinctions  between  red  and  blue  litmus 
to  be  accurately  perceived.  From  the  amount  of  solution 
of  soda  used  less  than  would  have  been  required  for  satu- 
rating the  same  bulk  of  sulphuric  acid  of  known  strength,  if 
no  ammonia  had  been  combined  with  it,  the  amount  of 
ammonia  is  found  by  calculation. 

The  following  method  by  Neubauer  is  preferable  in  some 
respects.  It  is  based  upon  the  fact  that  ammonia  evaporates 
from  its  watery  solution,  and,  if  confined  with  free  sulphuric 
acid  in  a closed  space,  is  entirely  absorbed  by  the  acid.  The 
rest  is  done  by  volumetrical  analysis  as  above. 

Preparation  of  standard  solution  of  sulphuric  acid. — Four- 
teen grammes  of  hydrated  sulphuric  acid  are  diluted  with 
200  grammes  of  water ; and,  after  the  mixture  has  cooled 
down  to  the  ordinary  temperature  of  the  air,  the  amount  of 
sulphuric  acid  contained  in  every  10*0  c.c.  is  determined  in 
two  such  portions  by  means  of  chloride  of  barium,  in  the 
usual  way.  When  both  analyses  agree  pretty  nearly,  the 
average  of  them  may  be  taken  as  correct.  For  instance,  if 
we  have  found  that  10  c.c.  of  the  dilute  acid  contain  0*505 
grammes  of  sulphuric  acid,  they  will  be  exactly  neutralized 
by  0*2146  grammes  of  ammonia,  NIl;j ; 1 c.c.  of  the  dilute 
acid  therefore  corresponds  to  0*02146  grammes  of  N H,. 

P reparation  of  standard  solution  of  caustic  soda. — A dilute 
solution  of  freshly  prepared  soda  in  alcohol  is  made,  and  its 
strength  is  determined  by  finding  the  quantity  required  to 
neutralize  10*0  c.c.  of  the  sulphuric  acid  just  described.  To 
10*0  c.c.  of  the  sulphuric  acid,  therefore,  reddened  by  tincture 
of  litmus,  or  mixed  with  the  solution  of  sulphate  of  silver  and 
arsenious  acid,  the  solution  of  soda  is  added  from  a burette 
until  the  point  of  neutrality  is  indicated  by  the  restoration  of 
the  blue  colour  of  litmus,  or  the  appearance  of  the  precipitate 
of  arsenite  of  silver.  Suppose  we  have  used  to  this  point 
30*0  c.c.  of  the  solution  of  soda,  then  we  know  that  every 
cubic  centimetre  of  it  exactly  corresponds  to  0*00715  grammes 
of  ammonia;  as  the  10*0  c.c.  of  sulphuric  acid,  which  were 
neutralized  by  30*0  c.c.  of  soda,  correspond  to  0*2146  grammes 
of  NH3. 
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Application  of  the  fluids. — 200  c.c.  of  fresh  filtered  urine 
are  put  into  a glass  or  china  dish  of  four  inches  in  diameter, 
and  one  inch  in  height.  A triangle,  made  of  a glass  rod,  is 
now  put  across  the  top  of  this  dish,  to  support  a smaller  flat 
dish  containing  10-0  c.c.  of  the  standard  sulphuric  acid.  This 
is  now  placed  under  a receiver  on  a ground-glass  plate, 
closed  hermetically  by  the  aid  of  tallow.  A dinner-plate 
and  some  mercury  may  also  he  used  for  the  purpose. 
When  the  entire  apparatus  is  thus  completed,  1 0'O  c.c.  of  milk 
of  lime  are  added  to  the  urine  in  the  lower  dish,  and  the  appa- 
ratus is  quickly  closed  and  put  aside.  After  the  lapse  of  forty- 
eight  hours  the  whole  of  the  ammonia  formerly  contained  in 
the  urine  will  be  found  to  have  been  driven  out,  and  to  have 
been  absorbed  by  the  sulphuric  acid  in  the  upper  dish.  If  the 
sulphuric  acid  is  now  neutralized  by  the  standard  solution  of 
soda,  so  much  less  of  this  solution  is  required  as  is  equivalent 
to  the  amount  of  ammonia  contained  in  the  acid.  Thus,  if 
the  10  c.c.  of  sulphuric  acid  (containing  0T>05  grammes  of 
S03,  corresponding  to  Q-2146  grammes  of  NH;j),  after  expo- 
sure to  the  vapour  of  ammonia  evolved  from  the  urine  under 
the  glass  shade,  require  only  26  c.c.  of  the  solution  of  soda 
instead  of  the  30  c.c.  for  which  they  are  graduated,  they  have 
absorbed  an  amount  of  ammonia  equivalent  to  4 c.c.  of  the 
solution  of  soda,  of  which  it  has  been  seen  that  every  cubic 


centimetre  corresponded  to 


0-2146 

30 


= 0-00715  grammes  of 


Nil.,,.  The  20  c.c.  of  urine,  therefore,  evolved  or  contained 
4 x 0-00715  =0*0286  grammes  of  NII3.  1000  grammes  of 
urine  would  therefore  contain  1 -43  grammes  of  NH3;  and 
every  other  quantity  in  proportion. 

Neubauer  found  that  healthy  fresh  urine,  free  from  mucus, 
does  not  undergo  alkaline  decomposition  during  the  first 
forty-eight  hours  after  being  passed.  But  it  is  not  so  with 
the  urine  from  patients,  which  very  frequently  begins  to 
decompose  a few  hours  after  emission.  Such  urine,  there- 
fore, requires  some  precautions ; and  of  these,  the  first  to  be 
noticed  is  the  advice  of  Vogel,  to  empty  the  bladder  by  means 
of  the  catheter,  and  then  to  collect  the  freshly  secreted  urine 
through  the  catheter,  which  is  left  in  the  urinary  passages. 
The  urine  is  thus  protected  from  the  decomposing  influences, 
both  of  the  secretions  of  the  bladder  and  of  the  higher  tem- 
perature of  the  body.  If  this  precaution  be  not  feasible,  the 
colouring  and  other  easily  decomposing  matters  may  be 
removed  by  means  of  a mixture  of  equal  volumes  of  solutions 
of  basic  and  of  neutral  acetate  of  lead.  Of  this  mixture  30  c.c. 
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are  mixed  with  an  equal  volume  of  urine,  and  of  the  liquid 
filtered  from  the  precipitate  40  c.c.,  corresponding  to  20  c.c. 
of  urine,  are  taken  for  the  analysis  of  ammonia.  If  the 
operator  will  take  a little  more  trouble,  he  may  control  the 
analysis  performed  ivith  milk  of  lime,  by  putting  urine  into 
a second  apparatus  without  it.  If  the  latter  evolve  no 
ammonia,  spontaneous  decomposition  of  the  urine  has  pro- 
bably not  taken  place. 

The  method  of  finding  the  amount  of  ammonia  in  urine  by 
means  of  chloride  of  platinum,  given  by  Heintz,  requires  so 
much  time  for  its  execution  that  it  becomes  simply  impracti- 
cable. In  that  respect  it  shares  the  fate  of  the  analysis  of 
urea  by  the  same  indefatigable  observer ; but  there  is  that 
difference,  that  the  analysis  for  urea  gives  an  accurate  result 
for  the  trouble,  of  which  we  are  not  sure  regarding  ammonia, 
for  reasons  already  advanced.  It  is  therefore  not  to  be 
wondered  at,  that  the  amount  of  ammonia  found  by  Heintz 
in  the  urine  of  twenty-four  hours  should  be  more  than  double 
the  quantity  of  that  found  by  the  above  analysis  of  Ncubauer, 
a fact  which  adds  to  the  probability  that  chloride  of  platinum 
produces  ammonia  in  urine  by  decomposition  of  some  of  its 
constituents,  not  being  simple  salts  of  ammonia. 

Quantity  of  Ammonia  discharged  in  the  Urine  during  twenty- 
four  hours  by  healthy  individuals. 

Ncubauer  examined  the  urine  of  two  male  individuals  of 
twenty  and  thirty-six  years  of  age  respectively.  The  average 
of  twelve  analyses  of  the  urine  of  the  man  of  twenty  years 
gave  06137  grammes  of  ammonia  for  twenty-four  hours. 
The  average  of  the  second  subject,  as  found  by  the  same 
number  of  analyses,  was  much  higher  than  that  of  the  first, 
namely,  08351  grammes  of  ammonia  for  twenty-four  hours. 
The  minimum  was  03125;  the  maximum  T2096  grammes  of 
ammonia  each  day.  Expressing  these  facts  in  round  figures, 
we  may  say  that  the  average  amount  of  ammonia  excreted  by 
a healthy  man  is,  minimum,  03;  average,  O 7 ; maximum, 
TO  gramme. 

Physiological  origin  of  Ammonia. 

The  only  reliable  knowledge  on  this  point  consists  in  the 
following  facts  : The  ammonia  of  the  salts  of  ammonia,  when 
the  latter  are  taken  into  the  stomach,  passes  unchanged  through 
the  system  and  is  discharged  in  the  urine.  This  has  been 
proved  beyond  doubt  by  the  analyses  of  Ncubauer.1  The 
1 ‘Journal  fur  Practisclie  Chemic,’  Bd.  G4,  p.  281. 
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subject  of  his  experiments  was  the  young  man  of  twenty 
years  of  age,  whose  average  discharge  of  ammonia  during  one 
of  twelve  days  had  been  ascertained  to  be  OG137  grammes. 
He  took  now  2 grammes  of  hydrochlorate  of  ammonia  in 
a glass  of  water  for  five  successive  nights ; and,  in  the  urine 
collected  for  five  successive  periods  of  twenty-four  hours, 
analysis  showed  an  excess  of  9'957  grammes  of  hydrochlorate 
of  ammonia  over  the  amount  of  ammonia  previously  ascer- 
tained to  be  the  normal  average. 

It  remains  to  be  seen  whether  caustic  ammonia  and  car- 
bonate of  ammonia  are  eliminated  in  a similar  manner.  It 
remains,  also,  to  be  ascertained  whether  the  organism  pro- 
duces any  ammonia  under  ordinary  circumstances,  or  whether 
the  ammonia  in  the  urine  is  simply  introduced  by  our  food 
and  drink,  or  by  the  air  which  we  breathe.  Some  articles 
of  food  are  rich  in  ammonia,  e.  //.,  radishes.  The  smoke  of 
tobacco  contains  a large  share  of  ammonia ; and  any  person 
remaining  for  any  length  of  time  in  a room  filled  with  this 
ambrosial  offering  to  Apollo,  must  inhale  such  quantities  of 
ammonia  as  must  materially  increase  the  ordinary  amount  in 
his  urine.  If  ammonia  be  really  essential  to  the  blood,  the 
anti-tobacco  leaguers  may  yet  hear  the  argument  advanced, 
that  tobacco  -smoking  is  really  essential  to  keep  our  fibrine  in 
solution,  and  that  smoking  has  of  late  become  so  much  more 
common,  because  the  ordinary  sources  of  this  “ food,”  the 
cesspools,  dunghills,  and  other  like  accompaniments  of  hu- 
man and  animal  habitations,  have  been  done  away  with.  A 
still  greater  amount  of  ammonia  is  of  necessity  inhaled  where 
both  the  sources  just  mentioned  flow  without  restraint. 


Pathological  indications. 

If  what  some  have  ventured  to  bring  forward  as  a defined 
feature  of  certain  forms  of  disease  of  the  kidney  can  really  be 
maintained,  namely,  that  the  urea  retained  in  the  blood  may 
there  undergo  decomposition  into  carbonate  of  ammonia,  and 
give  rise  to  the  symptoms  described  as  uriemia,  the  pathological 
indications  of  ammonia  in  the  urine  would  be  all  important  in 
those  diseases.  And  though  quantities  of  ammonia  might  be 
excreted  by  the  lungs,  skin,  and  bowels,  yet  the  mine  would 
be  that  excretion  in  which  the  ammonia  would  be  most  acces- 
sible to  our  analysis.  However  probable  such  a process,  under 
given  circumstances  may  be,  actual  and  direct  proof  would 
be  required  to  make  it  a fact ; and  this  we  cannot  say  to  have 
been  alforded  by  the  originators  of  the  theory.  We  know, 
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on  the  contrary,  that  the  test  said  to  be  diagnostic  of  the 
presence  of  ammonia  in  the  breath,  the  formation  of  white 
vapours  on  contact  of  the  breath  with  a glass  rod  dipped  in 
hydrochloric  acid,  frequently  fails  in  cases  with  the  most 
marked  symptoms  of  uraemia.  We  must,  therefore,  expect 
further  proofs,  analyses  of  the  blood  and  the  excretions,  be- 
fore we  can  give  that  extension  to  toxaemia  as  a cause  of 
various  severe  affections,  which  by  various  authors  has  been 
attributed  to  it.  It  is  the  same  with  putrid  or  septic  fevers, 
under  those  conditions  in  which  the  blood  is  said  to  be  in  a 
state  of  dissolution.  For  all  we  know,  ammonia  may  be 
a product  of  these  pathological  processes;  and  then  we  might 
expect  to  find  it,  in  part  at  least,  in  the  urine. 

If  urine  is  ammoniacal,  and  we  should  wish  to  determine 
the  amount  of  ammonia  thus  formed  from  urea,  we  may  pre- 
cipitate the  ammonia  by  the  addition  to  a measured  quantity 
of  a salt  of  magnesia.  If  the  mixture  is  well  stirred  for  a 
little  while,  the  triple  phosphate  thus  formed  will  subside, 
and  by  its  weight,  when  in  the  form  of  pyrophosphate,  the 
amount  of  free  ammonia  contained  in  the  urine  may  be 
calculated.1  But  this  analysis  should  not  be  depended  upon 
for  any  very  accurate  conclusions,  as  the  sources  of  error 
surrounding  it  are  numerous. 

' Schmidt,  1 Knstailonomische  Unlersuehungen,’  p.  55. 
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CARBONIC  ACID. 


Symbol : C 02 

Equivalent  = 22  . C = 6 — 27"27 

02  = 16  — 72-73 


22  100-00 

There  is  a little  carbonic  acid  in  tlie  urine,  as  in  most 
animal  fluids ; and  a method  lias  been  devised  by  Marchand1 
for  determining  its  quantity.  From  a measured  quantity  of 
urine  the  carbonic  acid  is  evolved  by  warmth  and  diminished 
air  pressure,  and  caught  in  baryta  water.  This  is  the  prin- 
ciple of  the  analysis ; the  following  are  the  particulars  : 100 
c.c.  of  urine  are  put  into  a balloon,  closed  by  a cork,  which 
is  pierced  by  two  glass  tubes.  One  tube  dips  into  the  urine, 
and  above  the  cork  is  drawn  out  into  a long  point,  and  closed 
by  the  blow-pipe.  The  second  tube  begins  with  the  cork, 
has  a double  bend,  and  is  connected  with  a second,  but  empty 
bottle,  out  of  which  a second  doubly  bent  tube  leads  to  a 
third  balloon,  half  full  of  clear  baryta  water.  Several  bottles 
with  baryta  water  may  yet  be  attached.  To  the  last  one  the 
air-pump  is  fixed.  The  whole  apparatus  being  made  air- 
tight, the  balloon  containing  the  urine  is  placed  in  the  water- 
bath,  and  its  temperature  raised  to  112°  or  140°  F.,  after  which 
the  air  is  gently  pumped  out  of  the  apparatus.  The  urine 
soon  begins  to  boil,  and  distils  partly  into  the  empty  bottle, 
and  the  solution  of  baryta  in  the  several  bottles  becomes  turbid 
from  carbonate  of  baryta.  After  the  lapse  of  about  half  an 
hour  or  more,  the  thin  point  of  the  first  tube  is  broken  off, 
and  air  is  gently  drawn  through  the  apparatus.  The  car- 
bonate of  baryta  is  afterwards  separated  by  filtration,  washed, 
and  dissolved  in  hydrochloric  acid ; the  solution  is  precipi- 
tated by  sulphuric  acid ; and  from  the  weight  of  sulphate 
of  baryta  thus  obtained  the  amount  of  carbonic  acid  is 
calculated. 


' 1 Journal  fiir  Practische  Chemie,’  Bd.  44,  p.  253. 
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BLOOD  AND  ITS  ANATOMICAL  ELEMENTS. 


Blood  is  a wandering  tissue ; and  as  such  is  composed  of 
an  element  possessing  form,  the  corpuscles,  and  a liquor 
in  which  these  are  suspended ; a second  element,  which  may 
be  termed  anatomical,  because  it  admits  of  mechanical  demon- 
stration, and  separates  from  the  liquor  when  withdrawn 
from  the  circulation,  and  becomes  solid,  is  fibrine ; a third 
anatomical  element  is  the  serum,  which  may  be  defined  as  an 
alkaline  solution  of  albumen  in  water. 

The  presence  of  any  of  these  elements  of  blood  in  urine 
indicates  serious  lesion  in  some  part  of  the  urinary  organs. 
When  blood  is  mixed  with  the  urine,  it  indicates  a breach  of 
surface  : in  the  kidneys,  produced  by  stasis  in  the  capillaries ; 
in  their  pelves  and  the  ureters,  by  the  mechanical  violence  of 
a concretion ; in  the  bladder,  by  rupture  of  enlarged  veins, 
ulceration,  irritation  of  a calculus,  or  malignant  disease.  The 
presence  of  blood-corpuscles  amounts  to  a demonstration  of 
the  presence  of  the  three  elements  of  blood,  for  obvious 
reasons.  It  is  best  ascertained  by  the  microscope.  The 
presence  of  fibrine  in  any  form  also  admits  of  anatomical 
demonstration.  But  albumen  requires  chemical  tests,  which, 
though  of  a simple  nature,  yet  must  be  used  with  certain  pre- 
cautions, in  order  not  to  mislead  our  conclusions.  The 
presence  of  fibrine  or  of  albumen  may  be  due  to  exudation 
without  breach  of  surface. 

Blood,  Blood-corpuscles,  and  Coagula. 

When  very  small  quantities  of  blood  are  present,  it  is 
diffused  through  the  whole  mass  of  urine  without  damaging 
its  colour.  In  that  case  it  is  necessary  to  let  the  urine  repose 
in  a white  china  vessel,  or  in  a glass  vessel  placed  on  a white 
sheet  of  paper,  when  the  blood-corpuscles  will  collect  at  the 
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bottom  iii  form  of  a a rusty-brownish  sediment,  not  easily  to 
be  mistaken  for  anything  else,  so  that  it  may  serve  for  the 
diagnosis,  by  the  naked  eye,  of  even  very  minute  quantities 
of  blood. 

If  a little  more  blood  is  present  in  the  urine,  it  gives  it  a 
dirty,  dingy,  or  smoky  hue,  when  diffused,  forming  a larger 
rust-brown  deposit  on  repose.  If  the  urine  is  of  a low  specific 
gravity  at  the  same  time,  the  corpuscles  yield  part  of  their 
red  colouring  matter,  and  the  urine  assumes  the  pink  colour 
of  flesh-wasliings,  or  the  cold  extract  of  flesh.  This  pink 
colour  passes  through  all  gradations,  until  the  colour  of  the 
urine  is  almost  like  blood  itself.  When  blood  is  effused  in 
any  considerable  quantity  at  a time  from  larger  blood-vessels, 
such  as  veins  of  the  bladder,  or  small  arteries  opened  by  a 
concretion,  it  then  coagulates  in  irregular,  mostly  lumpy 
masses,  of  a black  or  reddish-black  colour.  Though  these 
coagula  cannot  easily  be  mistaken  for  anything  else  by  the 
naked  eye,  they  may  yet  present  certain  variations,  according 
to  whether  they  have  been  formed  in  the  urinary  passages,  or 
after  the  excretion  of  the  urine.  When  formed  in  the  urinary 
passages,  as  is  mostly  the  case  when  they  are  formed  at  all, 
they  may  be  retained  in  the  bladder  or  in  the  narrow 
canals  leading  to  and  from  that  organ,  thus  causing  irrita- 
tion of  the  bladder,  dysnria,  stranguria,  or  retention  of  urine. 
When  retained  in  the  bladder,  they  may  give  rise  to 
concretions.  When  retained  in  the  bladder  for  a short 
period  only,  and  there  exposed  to  the  influence  of  a dilute 
urine,  secreted  in  consequence  partly  of  the  stimulus  trans- 
ferred to  the  kidneys  from  the  irritated  bladder,  coagula 
of  blood  may  give  up  all  their  colour  and  be  discharged  as 
colourless  lumps  of  fibrine.  Such  coagula,  modified  by  a 
sojourn  in  the  bladder,  I have  known  to  be  declared  fibrinous 
casts  of  the  urethra.  The  diagnosis  of  the  presence  of  blood 
in  all  these  cases,  when  at  all  doubtful,  is  ensured  by  the — 

Microscopical  appearances  and  reactions  of  Blood-corpuscles. 

Under  a power  of  400  diameters,  these  bodies  appear  as 
circular  discs,  v ith  the  edges  rounded  off.  The  centre  of  the 
discs  may  be  light,  and  the  circumference  dark ; or  on 
changing:  the  focus  the  reverse  may  be  the  case.  Their 
colour  is  a liglit-brown  or  reddish-brown  hue.  On  setting 
the  fluid  in  which  they  are  contained  in  motion,  their  true 
shape  becomes  at  once  apparent : for  we  see  the  disc  exca- 
vated on  either  side.  On  adding  water  to  the  corpuscles,  we 
perceive  them  to  expand ; the  concavities  begiu  to  rise,  and 
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disappear,  and  the  biconcave  disc  gradually  is  transformed 
into  a globule  somewhat  analogous  in  shape  to  the  globe  of 
the  earth — compressed  between  the  two  poles.  The  equator 
of  the  blood-disc  becomes  a little  smaller  by  tins  expansion 
in  the  direction  of  the  formerly  shortest  axis.  The  central 

i/  j 

marking,  shadow  or  light,  according  to  the  focus,  now  dis- 
appears, and  the  corpuscle  assumes  the  illumination  of  a 
globular  body.  Under  a continued  influence  of  the  water, 
they  gradually  yield  their  colour  to  the  surrounding  fluid, 
becoming  themselves  pale,  and  ever  more  imperceptible, 
until  at  last  they  seem  entirely  to  disappear.  But  they  do 
not  disappear  in  fact,  for,  if  a concentrated  solution  of  any 
neutral  salt  be  now  added  to  the  fluid  in  which  the  corpuscles 
are  invisible,  they  gradually  again  become  visible,  but  now 
are  without  any  colour,  and  mostly  of  a corrugated  outline, 
their  regular  shape  being  scarcely  ever  restored.  This  phe- 
nomenon of  their  becoming  invisible  in  water  is  explained  by 
the  nature  of  the  endosmotic  and  exosmotic  changes  which 
occur  : the  fluid  contained  in  the  corpuscle  and  that  sur- 
rounding it,  together  with  the  membrane,  have  all  the  same 
coefficient  for  refraction  of  light,  and  hence  neither  by  itself 
makes  any  impression  upon  sight. 

When  the  normal  corpuscles  are  treated  with  concentrated 
solution  of  any  neutral  salt,  or  with  syrup,  or  with  a solution 
of  any  neutral  organic  substance,  they  immediately  become 
flatter,  and  the  excavations  deeper,  which  is  indicated  by  the 
central  shadow  approaching  nearer  to  the  circumference.  At 
last  they  begin  to  crumple,  and  turn  up  their  edges,  which 
become  indented  and  irregular.  The  corpuscles  now  assume 
the  most  irregular  shapes  and  outlines  • and  though  they  have 
lost  part  of  their  colouring  matter,  yet  they  are  by  far  more 
distinct  than  at  first.  If  to  the  solution  water  is  now  added 
in  sufficient  quantity,  they  assume  their  former  shape,  and 
under  the  continued  influence  of  the  water  undergo  the 
changes  before  described. 

In  the  caustic  alkalies,  ammonia  included,  the  corpuscles 
are  entirely  soluble ; and  from  this  solution  they  cannot  by 
any  means  be  again  obtained.  In  acetic  acid  the  corpuscles 
become  clearer,  expand,  and  after  a time  are  almost  invisible, 
but  do  not  dissolve.  In  nitric  acid  the  outline  of  the  cor- 
puscles becomes  darker  and  thicker,  whilst  the  globules 
become  smaller  in  circumference.  Similar  effects  are  pro- 
duced by  hydrochloric  acid  and  the  gastric  juice.  Acid  urine 
only  requires  a longer  time,  otherwise  its  effects  are  similar 
to  those  of  the  reagents  last  named,  combined  with  those  of 
solutions  of  salt.  The  irregularities  of  the  margin  are  fre- 
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quently  of  such  a nature  as  to  represent  granules  arranged 
round  a central  nucleus.  When,  however,  blood  is  present 
in  the  urine  in  any  quantity  sufficient  to  nearly  or  altogether 
neutralise  any  acidity  of  the  urine,  these  changes  do  not  take 
place  to  that  extent,  the  corpuscles  remaining  either  un- 
changed, or,  when  the  urine  is  very  watery,  only  giving  up 
part  of  their  colouring  matter,  or  adhering  to  each  other  in 
rouleaux  like  rolls  of  coins,  in  the  same  way  as  the  corpuscles 
in  blood  which  is  not  mixed  with  any  urine.  The  several 
modifications  of  blood  corpuscles  are  represented  in  fig.  5, 
of  pi.  III. 

Chemical  diagnosis  of  Blood  in  Urine. 

In  most  cases  the  microscope  affords  conclusive  evidence 
of  the  presence  of  blood.  In  very  rare  cases,  however,  the 
blood  is  to  be  looked  for  in  ammoniacal  urine ; and  then  the 
corpuscles  are  not  easily  to  be  found,  as  they  are  too  soluble 
in  that  fluid,  which  then  merely  has  a red  colour,  and  coagu- 
lates under  certain  circumstances.  In  this  case,  the  presence 
of  blood  may  be  ascertained  by  the  following  tests  for  hsema- 
tine  and  albumen.  The  urine  is  cautiously  neutralised,  with 
a trace  of  acetic  acid  in  excess.  It  is  then  heated  in  a water- 
bath  to  151°  R,  when  all  albumen  will  be  found  insoluble 
in  the  form  of  a white  coagulum,  surrounded  by  a reddish 
fluid.  The  latter  is  separated  by  filtration  from  the  precipi- 
tate, and  again  heated  in  the  water-bath ; when  near  the 
boiling  point,  a second  coagulation  of  globuline  and  hsema- 
tine,  in  reddish-brown  flakes,  will  demonstrate  the  presence 
of  these  bodies.  Both  tests,  when  presented  conjointly  by 
urine,  are  conclusive  evidence  of  the  presence  of  blood,  or  of 
an  equivalent  of  its  several  constituents. 

Pathological  indications. 

After  having,  in  the  introduction  to  this  chapter,  noticed 
the  general  indications  of  the  presence  of  blood  in  urine,  it 
here  remains  to  state  the  particular  conclusions  which  may 
be  drawn  from  this  morbid  ingredient  of  urine  under  various 
circumstances. 

Most  frequently  the  presence  of  blood  in  urine  is  a symptom 
of  the  first  or  acute  stage  of  those  diseases  of  the  kidney  which 
are  caused  by  the  entrance  into  the  blood  of  a specific  poison ; 
such  as  acute  desquamative  nephritis.  The  blood  then  pro- 
ceeds from  the  congested  and  ruptured  Malpighian  corpuscles, 
as  evidenced  by  the  following  facts,  which  stand  in  perfect 
accordance  with  physiological  reasoning. 

The  tubuli  contorti  of  the  kidneys  are  frequently  found  full 
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of  blood,  in  cases  where  the  urine  contained  blood  during 
life. 

The  capsules  are  also  filled  Avith  blood,  and  the  Malpighian 
bodies  collapsed.  This  fact  Avas  first  ascertained  by  Bowman,1 
and  established,  with  further  proofs,  by  Dr.  G.  Johnson.2 

When  the  blood  thus  effused  into  the  tubuli  is  quickly  dis- 
charged, either  by  a continuance  of  the  haemorrhage  or 
because  it  is  mixed  with  urine  or  much  serum,  it  Avill  appear 
in  the  urine  after  emission  as  diffused  blood,  and  cause  the 
appearances  described.  But  when  the  blood  is  effused  in 
masses,  so  as  to  fill  the  entire  lumen  of  the  tubule,  and  is  not 
actively  pushed  on,  it  may  coagulate  in  the  tubule,  and  make 
it  impervious,  or  at  a later  period  may  be  discharged  with  the 
urine  in  the  form  of  blood-cylinders,  Avhich,  by  an  admixture 
of  epithelium  of  the  tubuli,  and  by  their  form — being  that  of 
casts  of  the  tubuli — sIaoav  their  origin  in  a most  unequiArocal 
manner.  Together  with  these  cylinders,  there  are  mostly 
other  casts  present  in  the  urine,  characteristic  of  the  affection 
of  the  kidney  Avhich  produced  the  haemorrhage.  In  some 
cases  the  poison  producing  haemorrhage  from  the  kidneys  is 
a Arery  tangible  one ; in  the  case  from  which  the  blood-casts  of 
fig.  6,  on  plate  III,  were  taken  (case  xxxi  of  Dr.  Johnson), 
it  was  a dose  of  half  an  ounce  of  turpentine.  In  other  cases 
it  is  a poison  of  a more  obscure  nature,  like  that  of  scarlatina; 
Dr.  Johnson  represents  a Malpighian  body  and  cortortcd 
tubule  from  the  kidney  of  a typhus  patient,  who  discharged 
large  quantities  of  blood  during  life ; after  his  death  nearly 
all  the  tubuli  of  his  kidneys  were  found  injected  Avith  blood 
in  a similar  manner. 

In  some  cases  of  scurvy  and  purpura  a similar  haemorrhage 
occurs  from  the  kidneys.  When  the  blood-casts  remain  in 
the  tubuli  for  any  length  of  time,  they  become  much  altered, 
but  may  alAvays  be  distinguished  from  epithelium  by  their 
peculiar  yellowish-brown  tint,  which  the  epithelial  casts  have 
not. 

The  presence  of  blood  in  the  urine  may  indicate  ulcerated 
cancer  of  the  kidney.  In  this  case  the  quantity  of  blood  may 
be  large  or  small,  and  may  coagulate  in  the  ureters  or  in  the 
bladder.  In  advanced  stages  of  the  disease,  pus  and  ence- 
plialoid  matter  is  mostly  present  in  the  urine,  thus  charac- 
terising the  htemorrhage. 

The  presence  of  blood  in  the  urine  may  be  clue  to  the  mecha- 
nical effects  of  renal  concretions,  or  to  ulceration  set  up  in  the 
pelves  and  calyces  of  the  kidneys  by  these  bodies.  The  most 

1 * Philos.  Transact.,’  1842. 

,J  ‘ Diseases  of  the  Kidneys,’  1852. 
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general  symptom  of  gravel  in  the  kidneys  is  haematuria,  in- 
creased  by  every  kind  of  exertion.  The  nature  of  the  h;e- 
morrhage  is  sometimes  ascertained  by  the  presence  of  deposits 
in  the  urine  on  its  being  passed — by  tlie  passage  of  gravel.  If 
the  symptoms  of  renal  concretion  and  haematuria  are  combined 
witli  the  appearance  of  pus  in  the  urine,  it  is  probable  that 
ulceration  exists  in  the  pelvis  of  the  kidney.  In  these  cases 
the  diagnosis  is  ensured  by  the  local  symptoms. 

The  presence  of  blood  in  urine  is  indicative  of  certain 
diseases  of  the  bladder.  In  these  cases  the  local  symptoms 
appear  to  be  so  well  marked  that  there  is  not  much  difficulty 
in  fixing  upon  the  source  of  the  haemorrhage.  Thus  haemor- 
rhoids of  the  bladder  are  of  a very  chronic  nature,  and  ap- 
pear in  periodical  fits,  like  haemorrhoids  per  anum.  1 
observed  such  a case  for  several  years.  The  subject  of  the 
observation  was  a lady.  The  irritability  of  the  bladder  was 
extreme  ; it  was  caused  first  by  the  venous  congestion  ; this 
having  lasted  a day  or  two,  blood  escaped  by  the  urine ; clots 
of  different  forms  and  sizes  remained  in  the  bladder,  or 
blocked  up  the  urethra,  requiring  the  use  of  the  catheter; 
sometimes  they  required  manual  aid,  when  they  had  partly 
passed  the  urethra.  Thus,  even  after  the  haemorrhage  had 
ceased  for  a time,  the  clots  would  continue  to  be  passed,  and 
they  were  the  paler  the  longer  after  the  cessation  of  the  hae- 
morrhage they  escaped  from  the  bladder.  This  condition 
would  last  for  weeks,  with  frequent  intervals,  during  which 
no  haemorrhage  ensued.  Gallic  acid  in  large  doses  always 
removed  the  complaint  after  a time.  The  patient  would  be 
well  for  months,  until  a new  attack  made  its  appearance. 
The  last  attack  occurred  during  a severe  illness  from  scarlet 
fever,  of  which  the  aged  patient  eventually  died. 

Stone  in  the  bladder  not  rarely  causes  haemorrhage  from  that 
organ;  so  does  chronic  cystitis,  accompanied,  by  erosion  or 
superficial  ulceration.  I observed  the  case  of  a farmer,  who 
consulted  me  for  severe  disease  of  the  bladder.  He  discharged 
an  alkaline,  foetid  urine,  with  rags  of  pseudo-membranes, 
appearing  under  the  microscope  to  be  made  up  of  fibrine  with 
pus-cells  closely  imbedded  ; on  some  occasions  he,  after  severe 
straining  and  retention  of  urine,  passed  a membranous  bag, 
which,  when  suspended  in  w ater,  showed  itself  to  be  a hollow 
membranous  sac,  a perfect  cast  of  a very  small  bladder.  With 
these  membranes  of  inflammatory  origin,  he  passed  clots  of 
blood,  and  fluid  blood  mixed  with  the  urine,  but  altered  con- 
siderably. 

Another  form  of  haemorrhage  from  the  bladder  is  due  to 
softening  cancerous  growths  of  that  organ.  This  disease  is 
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by  far  more  frequent  than  vesical  haemorrhoids,  and  its  pre- 
sence is  supposed  to  be  indicated  by  every  haemorrhage 
from  the  bladder,  in  the  opinion  of  some  authors,  who  doubt 
the  occurrence  of  haemorrhoids  of  the  bladder. 

The  differential  diagnosis  of  these  cases  is  established  by 
the  collateral  and  local  symptoms  of  each  case,  which  mostly 
are  so  marked  that  there  is  not  much  difficulty  experienced 
in  establishing  distinctions.  Happily,  where  it  is  difficult  to 
distinguish,  it  is  of  not  much  practical  importance  to  do  so, 
as  the  treatment  is  directed  against  the  haemorrhage.  Whether, 
in  a given  case,  this  proceeds  from  cancerous  growths  or 
from  haemorrhoids,  is  indifferent,  as  gallic  acid,  or  any  other 
astringent,  will  suit  both  cases  equally  well.  The  different 
coiu’se  of  the  diseases  would  soon  establish  a diagnosis.  But 
diagnosis  is  of  far  greater  importance  for  the  prognosis  of  a 
case  of  this  kind ; and  as  the  latter  is  chiefly  the  service 
which  it  is  possible  to  render  to  the  patient,  for  the  purpose 
of  guiding  his  hygiene,  an  accurate  diagnosis  is  essential. 

The  prognosis  of  all  these  cases,  in  the  first  instance,  de- 
pends upon  the  nature  of  the  disease,  of  which  the  effusion 
of  blood  is  a symptom.  As  far,  however,  as  the  prognosis  is 
dependent  upon  the  haemorrhage  itself,  we  may  say  that  it 
becomes  bad  in  a direct  ratio  to  the  amount  of  blood 
discharged,  to  the  time  during  which  liaematuria  continues, 
and  to  the  severity  of  the  symptoms  of  irritation  caused  by 
the  formation,  retention,  or  passage  of  clots  in  and  through 
the  urinary  passages.  Of  all  the  consequences  of  clots,  the 
formation  of  a calculus  round  the  clot  as  a nucleus  is  the 
most  severe,  and  also  the  most  rare. 


CHAPTER  XVIII. 


IliEMATINE,  OR  HAEMATOGLOBULINE. 


It  is  best  to  describe  this  substance  as  dissolved  blood-cor- 
puscles ; for  it  is  in  fact  a mixture  of  the  albuminous  fluid 
filling  the  corpuscles — globuline,  and  of  the  colouring  matter, 
which  may  be  obtained  in  crystals  under  certain  conditions 
— haematocrystalline.  The  membranes  of  the  corpuscles  are 
either  dissolved  or  invisible  in  urine  where  haematoglobuline 
occurs ; and  no  corpuscles  can  be  detected  by  the  most  care- 
ful searching  under  the  microscope. 

The  per-centage  of  the  elements  of  globuline  is  as  follows : 

Carbon  . . . 54*5 

Hydrogen  . . 6-9 

Nitrogen  . . 1 6"5 

Sulphur  ...  1*2 

Oxygen  . . . 20' 9 


100-0 

It  is  best  distinguished  from  albumen  by  its  point  of  coa- 
gulation being  at  199-4°  or  204’4°  F.,  while  that  of  albumen 
is  54°  F.  lower.  It  is  not  entirely  coagulated  by  heat  alone, 
but  the  presence  of  any  neutral  salt  of  the  alkalies  will  effect 
complete  coagulation.  It  is  so  intimately  mixed  with  the 
red  colouring  matter  proper,  or  haematine,  that  it  includes 
the  entire  amount  of  this  substance  in  its  coagula.  On  boiling 
the  latter  with  alcohol  containing  some  sulphuric  acid,  hae- 
matine  is  dissolved,  and  forms  a reddish-brown  solution  with 
the  alcohol. 

From  this  it  follows  that  the  distinction  between  the  pre- 
sence of  dissolved  blood,  and  that  of  haematoglobuline  in 
urine,  is  very  marked.  For,  though  urine  may  contain  albu- 
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men  and  lnematoglobuline  at  the  same  time,  yet  they  must 
be  present  in  the  same  proportions  as  in  the  blood,  before  we 
can  say  that  they  are  due  to  lnemorrhage,  and  consequent 
solution  of  the  blood.  No  attention  has  hitherto  been  paid 
to  this  distinction,  and  in  cases  where  the  urine  has  been 
bloodcoloured,  and  gave  a coagulum  on  boiling,  the  pre- 
sence of  lnematoglobuline  has  been  assumed,  without  a 
question  as  to  the  probable  amount  of  albumen.  These  cases 
are  therefore  not  quite  satisfactory  as  regards  the  distinction 
between  dissolved  blood  and  lnematoglobuline ; a distinction 
the  more  important,  as  blood  may  be  effused  into  the  tubuli 
of  the  kidneys,  there  coagulate,  and  form  blood-casts.  These 
blood-casts  may  give  up  their  lnematoglobuline ; and  thus 
what  really  was  a luemorrhage  may  appear  to  be  the  secretion 
of  fluid  lnematoglobuline.  The  blood-casts,  in  their  altered 
state,  are  then  frequently  only  expelled  from  the  kidneys  when 
all  traces  of  lnematoglobuline  have  long  disappeared  from 
the  urine.  Having  drawn  attention  to  this  point,  I will  here 
quote  the  opinion  of  Vogel,1  regarding  the  presence  of  lne- 
matoglobuline  in  urine.  He  says  that  in  the  body  there  is 
a constant  disintegration  of  blood-corpuscles  taking  place, 
whereby  lnematoglobuline  is  set  free,  and  subjected  to  fur- 
ther changes.  Globuline  probably  serves  for  the  nutrition  of 
the  muscles,  and  other  albuminous  tissues,  and  is  at  last  re- 
moved from  the  economy  in  the  form  of  urea  and  uric  acid, 
fhematine  is  also  further  oxydised,  and  leaves  the  body  in 
the  form  of  biliary  and  urinary  pigment,  as  cholo-  and  uro- 
Inematinc.  In  health,  therefore,  lnematoglobuline  never 
passes  through  the  kidneys  with  the  urine.  But  when  there 
arc  pathological  processes  going  on  in  the  blood,  the  result 
of  which  is  a wholesale  destruction  of  blood-corpuscles,  then 
the  quantity  of  pure  heematoglobuline  in  the  blood  becomes  so 
large,  that  it  cannot  all  be  subjected  to  the  normal  changes, 
and  it  seems  that  a part  may  be  secreted  unchanged  by 
the  ordinary  channels  of  the  urine,  just  as  other  substances, 
such  as  sugar,  bile,  and  perhaps  albumen,  when  contained 
in  the  blood  in  excess,  may  pass  over  into  the  urine. 

This  explanation  Vogel  supports  by  the  following  observa- 
tion. A professor  of  physics  having  performed  an  experi- 
ment with  a balloon  full  of  hydrogen,  breathed  some  of  this 
gas,  when  emptying  the  balloon  of  its  contents  by  pressure. 
He  became  suddenly  very  ill,  but  soon  recovered,  and  after 
the  lapse  of  some  time  passed  a urine,  which  was  black  like 
ink,  coagulated  on  boiling,  but  contained  no  blood-corpuscles, 


1 * Semiotik,’  p.  186. 
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when  examined  under  the  microscope.  This  condition  of  the 
urine  lasted  for  about  twenty-four  hours.  It  was  found  that 
the  hydrogen  used  for  the  experiment  contained  arseniuretted 
hydrogen.1 

Without  in  the  least  doubting  the  correctness  of  Professor 
YogePs  observation,  as  far  as  it  goes,  I cannot  help  expressing 
my  opinion  that  the  disintegration  of  blood-corpuscles  in  the 
circulation  is  by  no  means  established  by  it.  On  the  con- 
trary, other  observations  of  similar  cases  tend  to  make  it 
probable  that  the  complaint  caused  by  the  breathing  of  arse- 
niuretted hydrogen,  as  it  exhibits  itself  in  the  urine,  is  really 
haemorrhage  from  the  capillaries  of  the  kidneys.  Thus,  in  the 
case  which  has  been  related2  by  Dr.  Schlinder  of  Greifensberg, 
deep  reddish-brown  urine,  mixed  with  clots  of  blood,  was  dis- 
charged. In  the  case  reported  by  Dr.  OTleilly,3  however, 
there  was  first  bloody  urine,  succeeded  by  suppression  of 
urine,  after  which  the  face  became  copper-coloured,  and  the 
rest  of  the  body  greenish ; symptoms  probably  indicating  the 
presence  of  free  hsematoglobuline  in  the  blood.  As  matters 
stand  at  present,  there  may  be  both  hemorrhage  from  the 
Malpighian  bodies,  and  subsequent  disintegration  of  the 
effused  corpuscles,  and  also  disintegration  of  the  corpuscles 
in  the  blood,  and  subsequent  discharge  of  the  solution.  The 
explanation  by  way  of  luemorrhage  is  only  more  probable,  and 
supported  by  collateral  observations,  and  by  the  observations 
on  the  behaviour  of  blood-casts,  which  do  not  appear  to  have 
been  mentioned  by  Professor  Vogel. 

This  author  also  observed  that  a dog,  after  having  breathed 
a quantity  of  arseniuretted  hydrogen,  discharged  a blackish- 
brown  urine,  which  contained  a large  amount  of  liaemato- 
globuline. 

In  typhus,  blood  is  not  rarely  discharged  by  the  kidneys. 
Y ogel,  however,  observed  a case,  in  which  there  was  only 
luematoglobuliuc  present,  no  trace  of  blood-corpuscles  being 
discoverable  by  the  microscope.  This  happened  during  the 
acme  of  the  disease,  and  disappeared  after  a few  days ; from 
which  time  the  patient  gradually  rallied,  and  made  a perfect 
recovery.  I hope  not  to  be  found  too  sceptical,  if  I extend 
to  this  case  the  doubts  mentioned  above.  The  observations 
of  Meckel,  Heschl,  and  Planer,4  quoted  by  Yogel  in  support 

1 Idem,  in  ‘ Archiv  des  Vereins  fiir  gemeinscliaftliche  Arbeiten,’  Bd.  i,  Heft  2, 
p.  209. 

a Buchner’s  ‘ Repertorium  fiir  die  Pharmacie,’  lxix,  271,  vide  Cliristison,  ‘ On 
Poisons,’  4th  edit.,  p.  326. 

3 ‘ Dublin  Journ.  of  tbe  Med.  Sc.,'  xx,  422. 

4 Ueber  das  Vorkommen  von  Pigment  im  Blute,  1 Zeitschrift  der  Wiener 
Aerzte,’  1854,  pp.  127  and  280. 
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of  his  opinion,  undoubtedly  prove  that  an  excess  of  a granular 
pigment  may  accumulate  in  the  blood  in  consequence  of  a 
copious  destruction  of  blood-corpuscles  ; but  the  very  fact  of 
this  (altered  and  insoluble)  pigment  accumulating  in  the 
blood,  and  causing  dangerous  symptoms,  particularly  in  the 
brain,  by  blocking  up  the  capillary  vessels,  shows  that  the 
formation  of  an  excess  of  free  hsematoglobuline  in  the  blood 
stands  in  no  necessary  connection  with  its  discharge  by  the 
kidneys.  For  how  could  hsematoglobuline  accumulate  in 
the  blood,  if  it  were  secreted  at  the  rate  observed  in  VogeFs 
cases  ? 


Pathological  indications. 

Leaving  the  question  undecided  for  the  present,  whether 
the  destruction  of  blood-corpuscles  in  the  cases  under  con- 
sideration takes  place  in  the  blood  or  elsewhere,  the  destruction 
itself  is  certainly  indicated  by  the  appearance  of  lisemato- 
globuline  in  the  urine.  Under  all  circumstances  this  is  a 
sign  of  severe  lesion  ; but  it  admits  of  a favorable  prognosis, 
if  it  is  limited  to  a certain  short  time,  after  which  it  does  not 
reappear,  as  in  the  above  cases.  But  when  it  is  a symptom 
of  severe  scorbutic  or  septic  disorders,  it  is  a sign  of  great 
danger  to  the  life  of  the  patient.  Suppression  of  the 
urine,  and  discoloration  of  the  skin,  when  following  the 
discharge  of  urine  rich  in  hsematoglobuline,  are  also  very 
unfavorable,  and  are  forerunners  of  a fatal  termination  of 
the  case. 


CHAPTER  XIX. 


FIBRINE.  CHYLOUS  URINE.  FIBRINOUS  CASTS. 


Eibrine  is  anatomically  well  characterised  by  its  sponta- 
neous coagulation.  Of  its  chemical  properties  little  is  known, 
if  we  except  the  per-centic  elementary  composition,  which  is 
almost  identical  with  that  of  albumen  and  caseine.  Bechamp 
has  produced  urea  from  fibrine  by  oxydizing  agents,  so  that 
the  ultimate  fate  of  fibrine  appears  to  be  determined. 

When  fibrine  occurs  in  urine,  it  always  coagulates  at  some 
time  or  other  after  having  left  the  circulation.  It  may  be- 
come insoluble  already  in  the  urinary  tubules,  and  then 
constitute  the  various  descriptions  of  casts  of  those  tubules — 
the  common  products  of  certain  diseases  of  the  kidneys.  In 
other  cases,  not  absolutely  connected  with  disease  of  the 
kidneys,  the  fibrine  may  be  kept  in  solution  in  the  urine 
until  its  arrival  in  the  bladder,  and  then  coagulating  may  give 
occasion  to  difficulty  in  passing  the  urine.  It  may  also  keep 
in  solution  until  the  urine  has  stood  for  a time  after  its 
emission,  and  then  coagulating,  may  assume  the  shape  of  the 
vessel  in  which  it  happened  to  be  at  the  time. 

When  such  coagulating  urine  contains  fat  in  appreciable 
quantities,  and  is  thereby  made  turbid  and  opaque,  like  milk, 
it  is  termed  chylous  urine.  This  coagulating  or  chylous 
urine  establishes  a very  different  prognosis  from  urine  con- 
taining fibrine  in  casts,  or  in  large  coagula  assuming  the 
shape  of  the  vessel  formed  after  emission,  and  denoting 
acute  disease  of  the  kidneys. 

Chylous  Urine. 

This  description  of  urine  is  of  very  rare  occurrence  in  Eu- 
rope, about  half  the  number  of  cases  on  record  having  been 
observed  in  natives  of  hot  climates  (East  and  West  Indies, 
Mauritius,  Barbadoes,  Brazil),  or  in  individuals  who  had 
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resided  for  many  years  in  hot  climates.  The  most  accurate, 
and  at  the  same  time  the  most  extensive,  observations  on 
this  description  of  urine,  have  been  made  by  Dr.  Bence  Jones,1 
on  whose  results  I have  mainly  based  the  following  descrip- 
tion. 

The  properties  of  so-called  chylous  urine  are  due  to  the 
admixture  of  certain  constituents  of  the  blood,  which  is  itself 
the  effect  of  some  peculiar  disease  of  the  kidneys.  The  urine 
which  is  secreted  under  the  influence  of  that  disease  is  cha- 
racterised by  the  presence  of  either,  or  several,  or  all  of  the 
following  abnormal  ingredients. 

Red  blood-corpuscles,  frequently  mixed  with  some  white 
ones.  They  may  be  entangled  in  fibrinous  coagula,  or  form  a 
deposit  on  standing.  In  either  case  they  are  easily  diagnosed 
by  the  microscope. 

Fibrine  occurs  in  shreds  and  films,  inclosing  blood- 
globules,  which  rise  to  the  top  of  the  fluid  on  standing,  and 
remain  on  the  filter,  through  which  the  urine  may  be  passed. 
Blood-globules  frequently  pass  through  the  filter.  When 
the  fibrine  occurs  as  a single  coagulum,  it  may  be  small  and 
partial,  and  occupy  the  centre  of  the  vessel  as  a contracted 
mass,  like  the  coagulum  of  the  blood  in  its  serum.  On  other 
occasions  the  whole  of  the  urine,  already  in  the  bladder,  or  in 
the  vessel  into  which  it  has  just  been  passed,  coagulates  into  a 
tremulous  mass,  which,  when  fatty,  is  like  blanc  mange,  and 
assumes  the  shape  of  the  vessel. 

The  coagulum,  in  both  instances,  particularly  if  it  be 
broken  up  by  agitation,  gradually  separates  into  two  portions 
— a fluid  or  serous  portion,  more  or  less  opalescent  or  milky, 
like  the  urine  itself,  and  which,  when  left  at  rest  for  a few 
hours,  frequently  throws  up  a sort  of  creamy  matter  on  its 
sm’face ; and  a very  delicate  fibrinous  mass,  small  in  com- 
parison with  the  original  bulk  of  the  coagulated  mass,  of  a 
flesh-like  appearance,  and  generally  tinged  more  or  less  of  a 
red  colour,  from  the  presence  of  blood-corpuscles. 

Albumen  may  be  present  in  very  small  or  very  large  quan- 
tities. It  is  then  demonstrated  by  the  usual  tests — boiling 

• • . _ * o 

and  nitric  acid. 

Albuminoid  matter — imperfect  albumen  of  Prout — 1 have 
met  with  in  apparently  normal  urine  of  the  patient  whose 
case  has  been  so  fully  described  by  Dr.  B.  Jones.  The  urine 
gave  no  reaction  for  albumen,  but  yielded  an  abundant  pre- 

1 ‘ Medico-Chirurgical  Transact.,’  vol.  xxxiii,  1850.  ‘ Philosophical  Transact.,’ 
1850,  part  ii,  p.  651.  For  earlier  observations  see  Prout,  ‘ Stomach  and  Urinary 
Diseases,’  3d  edit.,  p.  112,  and  Dr.  T Elliotson,  ‘Med.  Times  and  Gnz.,’  Sept. 
19,  1857,  p.  288.  The  anatomy  of  a case  has  been  recorded  by  Dr.  Priestley. 
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cipitate  with  tannic  acid.  This  acid  does  not  produce  any 
precipitate  in  healthy  urine.  The  albuminoid  matter  was 
not  gelatine,  as  it  did  not  gelatinize  when  the  urine,  after 
evaporation  on  the  water-bath,  was  allowed  to  cool. 

Fatty  matters. — Their  presence  is  the  cause  of  the  milky 
turbidity  which  may  exist  in  all  degrees  from  a pale  opales- 
cent white  or  amber,  permitting  the  transmission  of  some 
light  through  layers  not  exceeding  an  inch  in  thickness,  to 
milk-white,  and  quite  impervious  to  light. 

In  this  description  of  urine  there  are  seen  floating  under 
the  microscope  myriads  of  infinitely  minute  particles ; globules 
of  oil  are  only  rarely  met  with.  The  minute  particles  are 
scarcely  resolvable  under  a power  of  420. 

This  milky  urine,  when  digested  with  its  bulk  of  ether,  on 
repose  yields  three  layers — an  upper  ethereal  solution,  be- 
neath this  a thin  filmy  layer  of  albumen  precipitated  by  the 
ether,  and  lowest  the  now  almost  perfectly  clear  urine,  con- 
taining some  ether  in  solution.  The  upper  ethereal  solu- 
tion, after  the  ether  has  been  removed  by  distillation  from 
a balloon  in  the  water-bath,  leaves  the  fatty  matters  adhering 
to  the  bottom  of  the  balloon.  These  matters,  when  digested 
with  water  for  some  time  at  the  ordinary  temperature,  sepa- 
rate into  oily  drops,  which  collect  on  the  surface  of  the 
water,  and  mainly  consist  of  oleic  acid;  and  into  a solid 
matter  remaining  at  the  bottom  of  the  vessel,  but  when  dis- 
turbed likewise  floating  in  water,  and  having  the  properties 
of  margaric  acid.  On  being  warmed  with  a solution  of 
phosphate  of  soda  (2NaO,  HO,  P05  + 24Aq)  this  latter  acid 
easily  forms  a permanent  emulsion,  a property  not  possessed 
by  neutral  fats  or  oleic  acid.  The  margaric  acid  is  peculiarly 
dissolved  (emulsed)  without,  on  standing,  collecting  on  the 
surface  of  the  solution.  On  boiling  the  above  drops  of  oleic 
acid  with  solution  of  phosphate  of  soda,  a slight  emulsion  is 
obtained,  due  to  some  margaric  acid  dissolved  in  the  oleic ; 
but  the  oleic  acid,  on  repose,  collects  again  on  the  top  of  the 
solution  in  the  same  drops  in  which  it  had  been  added.  For 
this  diagnostic  test  I am  indebted  to  Dr.  Marcet. 


Pathology  of  so-called  Chylous  Urine. 

The  urine  is  oftener  fatty  when  the  patient  subject  to  this 
disease  lives  on  an  animal  diet  than  when  he  eats  a more 
vegetable  one.  It  is  most  clear  before  breakfast,  and  most 
fatty  after  dinner.  It  is  oftener  free  from  fat  before  break- 
fast, when  the  diet  is  vegetable,  than  when  it  consists 
more  of  animal  food.  Fat  passes  off  in  the  urine  after  food 
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is  taken,  yet  the  albumen  and  fibrine  and  blood-globules 
are  thrown  out  before  any  food  lias  been  taken.  During 
perfect  rest  the  albumen  ceases  to  be  excreted,  and  it  does 
not  appear  in  quantity  in  the  urine  even  after  food  is  taken, 
provided  there  is  perfect  rest.  The  disease  of  the  kidneys 
permits  fibrine,  albumen,  globules,  and  salts  to  pass  when- 
ever the  circulation  through  the  kidneys  is  increased ; if,  at 
the  same  time,  fat  is  present  in  the  blood,  it  escapes  also  into 
the  urine.  A short  time  after  rising  early  the  urine  may 
coagulate  spontaneously,  although  no  fat  is  present  in  per- 
ceptible quantity,  and  this  may  happen  before  any  food  is 
taken.  More  frequently,  however,  the  urine  coagulates  after 
food,  and  when  fatty  at  the  same  time.  The  albuminoid 
substance  is  present  in  urine  containing  neither  fibrine,  nor 
albumen,  nor  globules,  nor  fat ; in  short,  in  urine  which 
hitherto  would  have  been  considered  perfectly  normal. 

The  prognosis  of  these  cases  is  favorable,  in  so  far  as  the 
disease  may  last  for  a long  time  without  terminating  the  life 
of  the  patient.  But  his  sufferings  are  great  and  variable ; 
and  though  Dr.  B.  Jones  succeeded  in  perfectly  curing,  for  a 
time,  and  still  benefiting  his  patient  by  regime  and  the  in- 
ternal administration  of  gallic  acid,  yet  all  the  experience 
hitherto  recorded  makes  doubtful  the  prospects  of  a final  cure. 


Fibrine,  the  produce  of  acute  disease  of  the  kidneys,  coagulating 

after  excretion. 

This  description  of  fibrine  is  essentially  a symptom  of 
acute  desquamative  nephritis.  It  is  therefore  mostly  mixed 
with  a little  blood,  but  the  amount  of  fibrine  is  so  large  that 
there  can  be  no  question  as  to  its  being  due  to  exudation 
and  not  to  luemorrhage. 

A case  of  this  kind  w as  observed  by  Vogel.  The  urine  of 
a woman  labouring  under  Bright’s  disease  was  found,  for  a 
length  of  time,  to  form  a pale  pink-coloured  coagulum  of 
fibrine  at  the  bottom  of  the  vessel  regularly  a few  hours 
after  emission.  The  coagulum  contained  numerous  pus-cor- 
puscles and  few  blood-corpuscles ; the  latter  being  so  scarce 
that  the  blood,  which  they  represented,  could  never  have 
yielded  the  entire  amount  of  fibrine. 

The  indications  of  the  coagula  of  fibrine  being  the  produce 
of  well  marked  acute  disease  of  the  kidneys  are  not  very  well 
known,  as  the  number  of  cases  of  this  kind  hitherto  observed 
has  been  too  limited  to  admit  of  general  deductions. 
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CASTS  OP  URINIEEROUS  TUBULES. 


Although  fibrine-casts  might  with  propriety  have  been 
fully  described  in  the  former  chapter,  where  they  were 
merely  adverted  to,  yet  it  has  been  thought  expedient  to 
arrange  them  with  those  descriptions  of  casts  of  the  Bellinian 
tubules,  the  material  of  which  is  not  absolutely  fibrine,  but 
sometimes  a fibrinoid  substance,  insoluble  in  acetic  acid,  and 
partaking  of  the  properties  of  colloid  matter.  Besides  the 
casts  to  be  described  in  the  present  chapter,  we  have  yet 
blood-casts,  already  described  at  p.  231,  and  pus-casts,  the 
description  of  which  will  be  reserved  for  the  chapter  on  pus. 
The  perspicuity,  which  by  this  arrangement  may  be  wanting 
to  the  text,  will  be  supplied  by  the  plates,  where  all  varieties 
of  casts  are  represented  in  close  proximity,  and,  I hope,  dia- 
gnostic intelligibility. 

When  the  fibrine,  or  colloid  matter,  which  in  the  course  of 
certain  diseases  of  the  kidneys  exudes  through  the  walls  of 
the  Malpighian  bodies,  coagulates  in  the  urinary  tubules,  it 
assumes  the  shape  of  these  tubules  and  forms  casts.  We 
have  to  distinguish  several  descriptions  of  casts,  according  to 
the  degree  of  the  disorder  which  causes  their  formation,  and 
according  to  the  condition  in  which  the  fibrine  or  colloid 
matter  finds  the  tubule  on  being  effused  into  it.  The  sim- 
plest case  is,  that  fibrine  is  effused  into  the  tubule,  there 
coagulates,  separates  from  the  epithelial  walls  by  a slight 
contraction,  and  is  expelled  iu  the  form  of  a homogeneous 
hyaloid  cast  of  small  diameter.  But  when  the  epithelium  of 
the  tubules  manifests  a tendency  to  separate  from  its  base- 
ment membrane,  and  fibrine  is  exuded  into  the  cavity  of  the 
tubules,  the  latter  closely  imbeds  the  epithelial  cells  into  its 
substance,  and,  on  subsequent  contraction  taking  place,  the 
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cast  of  mixed  fibrine  and  epithelium  thus  formed,  is  narrow 
enough  to  be  removed  through  the  channel  of  the  tubule,  and 
is  found  in  the  urine  as  a cast  of  the  diameter  of  the  urinary 
tubules,  or  of  medium  diameter.  When  the  fibrine  or  colloid 
matter  effused  into  the  tubules  finds  an  epithelium,  which  in 
consequence  of  former  or  chronic  disease  is  imperfectly  con- 
stituted, granular  or  fatty,  a granular  or  fatty  cast  of  medium 
diameter  is  formed.  But  when  there  is  no  epithelium  left  in 
the  urinary  tubule,  when  the  basement  membrane  is  for  the 
greater  part  or  wholly  naked,  then  the  plastic  matter  forms 
a homogeneous  hyaloid  cast  of  considerable  diameter,  con- 
taining little  or  no  granular  matter. 

The  nature  of  the  renal  diseases,  of  which  the  formation 
of  these  casts  is  an  essential  symptom,  has  been  elucidated 
by  Dr.  George  Johnson,  in  his  masterly  treatise  on  the 
diseases  of  the  kidneys. 

Casts  of  small  diameter. 

Intratubular  casts. — These  transparent  cylinders,  by  their 
small  diameter  and  complete  absence  of  epithelium,  manifest 
themselves  to  be  formed  within  the  lumen  of  the  epithelium 
of  the  tubuli,  which  does  not  desquamate  during  the  forma- 
tion of  the  casts.  The  diameter  of  the  casts,  little  more  or 
less  than  tito °f  an  inch,  corresponds  to  the  lumen  of  the 
canal,  which  is  left  in  the  axis  of  an  ordinary  tubule. 

Their  smooth  and  glistening  surface,  compared  by  Dr. 
Beale  to  a piece  of  the  elastic  lamina  of  the  cornea,  is  very 
characteristic.  They  may  be  so  pale  and  destitute  of  shadows, 
that  they  are  entirely  overlooked  in  a strong  light.  But 
when  tinted  with  a little  dilute  tincture  of  iodine,  or  with  a 
solution  of  iodine  in  iodide  of  potassium,  they  become  much 
more  distinct  by  the  reddish-brown  colour  produced,  par- 
ticularly when  the  light  reflected  through  the  microscope  is 
moderated  by  means  of  the  diaphragm.  (Fig.  5,  PI.  IV.) 

Casts  of  medium  diameter.  T£0th  of  an  inch. 

Epithelial  casts. — The  fibrine  which  has  been  exuded  bv 
the  Malpighian  bodies  has  coagulated  in  the  tubules,  and 
entangled  in  its  substance  more  or  less  of  the  epithelium 
of  the  tubules,  and  other  substances  accidentally  present 
in  their  canals,  such  as  blood-corpuscles,  and  crystals  of 
several  substances,  e.  g.,  oxalate  of  lime.  Some  free  epithe- 
lium, in  pieces  or  single  cells,  is  always  mixed  with  these 
casts,  as  the  tendency  of  the  epithelium  to  desquamate  is 


244 


CASTS  OF  URINIFEROUS  TUBULES. 


evidently  a feature  not  dependent  upon  tlie  effusion  of  fibrine. 
It  is,  however,  doubtful  whether  the  desquamation  of  the 
epithelium  in  tubular  masses  does  take  place  without  the 
effusion  of  fibrine  into  its  central  canal.  I have  never  seen 
casts  consisting  of  the  epithelium  only ; and  in  deposits  where 
such  casts,  very  similar  to  the  tubular  pieces  of  epithelium 
obtained  by  scraping  from  the  cut  surface  of  a healthy  kid- 
ney, were  present  in  abundance,  I always  discovered  a large 
number  of  casts,  consisting  clearly  of  fibrine,  with  only  a few 
epithelial  cells  imbedded.  By  this  observation  I will  by  no 
means  deny  that  casts  consisting  of  the  epithelium  only  may 
occur,  as  has  been  asserted  by  other  observers.  (Figs.  3,  4, 
PL  III.) 

Dr.  Beale  has  met  with  casts  of  medium  diameter,  contain- 
ing well  formed  dumb-bell  crystals  of  oxalate  of  lime.  These 
casts  were  found  in  the  urine  of  a patient  suffering  from 
cholera.  In  the  same  specimen,  also,  several  octahedra  of 
oxalate  of  lime  were  present,  but  these  latter  were  not  en- 
tangled in  the  casts.1 

Granular  casts. — When  the  epithelium  of  the  urinary 
tubule  has  been  destroyed  by  chronic  disease,  it  assumes  the 
form  of  granular  matter,  and  as  such  is  entangled  with  the 
matter  deposited  in  the  tubes.  (Fig.  3,  PI.  IY.) 

This  deposit  is  always  accompanied  by  granular  matter  not 
in  the  form  of  casts ; so  that  there  also  the  question  arises, 
whether  the  degenerated  epithelium  is  desquamated  without 
the  aid  of  cylinders.  This  can  only  be  decided  by  long  and 
careful  observation.  It  cannot,  howrever,  be  doubted  that 
the  effused  matter  materially  assists  in  quickly  removing 
desquamated  epithelium,  by  the  contraction  which  it  under- 
goes soon  after  coagulation ; a process  by  which  the  epithe- 
lium, when  entangled,  is  completely  separated  from  the 
basement  membrane,  and  the  cast  is  enabled  to  pass  the 
tubule,  pressed  onwards  by  the  continued  secretion  and  exu- 
dation from  the  Malpighian  bodies,  and  perhaps  by  some 
contractile  action  of  the  matrix  of  the  kidney. 

Casts  containing  fatty  matter. — These  casts  are  of  different 
diameters,  but  more  generally  of  the  medium  diameter. 
They  are  formed  in  tubules,  the  epithelium  of  which  is  in  a 
state  of  fatty  degeneration.  The  casts  may  be  hyaloid,  with 
only  a few  oil-globules  imbedded  in  their  substance ; or  they 
may  entangle  some  epithelial  cells,  filled  with  oil,  showing 
that  the  fat  is  formed  in  the  interior  of  the  epithelial  cells  : 
or  the  fat  may  be  present  in  large  quantities.  Free  fatty 
cells  are  always  present.  (Fig.  4,  PI.  IY.) 

1 ‘ The  Microscope,'  p.  207. 
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Casts  of  considerable  diameter.  3-^th  of  an  inch. 

The  diameter  of  these  casts  is  nearly  equal  to  that  of  the 
urinary  tubules  in  which  they  have  been  formed.  They  are 
mostly  perfectly  transparent,  hyaloid,  of  a glistening  aspect, 
resembling  in  appearance  the  surface  of  wax  as  it  cools  after 
having  been  melted,  which  similarity  caused  Dr.  Johnson  to 
term  them  “waxy.”  They  rarely  include  much  granular 
matter  in  their  substance,  owing  to  the  very  cause  of  their 
large  size  being  the  total  absence  of  epithelium  from  the 
basement  membrane  in  which  they  are  moulded.  When 
granular,  however,  in  one  part,  and  hyaloid  in  the  other, 
they  are,  perhaps,  not  always  of  the  largest  size.  Sometimes 
they  may  contain  a few  epithelial  cells.  Dr.  Beale  has  ob- 
served and  figured  casts  of  considerable  diameter,  which  were 
composed  of  a material  in  the  interior  differing  from  that 
which  formed  the  circumference  of  the  casts.  With  these 
large  casts  the  sediment  mostly  contains  granular  casts  of 
medium  diameter,  and  granular  debris  of  degenerated  epithe- 
lium of  the  tubules.  (Dig.  6,  PI.  IV.) 

Pathological  indications  of  Casts  of  Uriniferous  Tubules. 

The  presence  in  the  urine  of  intratubular  hyaloid  casts 
indicates  a chronic  disease  of  the  kidneys,  termed  non-desqua- 
mative  nephritis,  which  is  caused  by  a vitiated  condition 
of  the  blood.  As  the  expulsion  from  the  organism  of  poi- 
sons causing  this  and  similar  diseases  of  the  kidneys  is 
mostly  effected  by  a process,  in  which  desquamation  of  the 
epithelium  of  the  urinary  tubules  plays  an  important  part, 
the  fact  of  the  epithelium  not  being  cast  off  is  an  unfavorable 
symptom,  indicating  the  retention  of  the  poison  in  the 
blood.  These  casts,  therefore,  where  they  form  the  entire 
bulk  or  greater  part  of  a urinary  deposit,  must  excite  serious 
apprehension  for  the  ultimate  welfare  of  the  patient. 

The  presence  in  the  urine  of  epithelial  casts  is  a symptom  of 
a disease  of  the  kidneys,  caused  by  the  entrance  into  the  blood 
of  a morbid  substance — a poison — the  elimination  of  which  is 
effected  by  these  organs.  The  poisons  of  cantharides,  tur- 
pentine, scarlatina,  and  cholera  are  illustrations  of  this.  In 
all  the  diseases  caused  by  these  poisons,  their  elimination 
through  the  kidneys  is  accompanied  by  a process,  of  which  the 
desquamation  of  the  epithelium  of  the  urinary  tubules  is  an 
essential  part.  The  presence  of  epithelial  casts  in  urine  for  a 
limited  period  of  time  is  therefore  a favorable  symptom  of 
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the  affection  of  the  kidneys,  as  exhibited  by  other  symptoms, 
and  indicates  that  the  poison  is  being  actively  eliminated. 
But  when  the  epithelial  casts  become  mixed  with  much  blood 
or  pus,  or  when  the  desquamation  has  a tendency  to  become 
of  a chronic  nature,  from  the  causes  continuing  to  influence 
it,  then  it  becomes  an  unfavorable  symptom  in  proportion  to 
its  duration. 

The  granular  casts  are  indicative  of  chronic  desquamative 
nephritis , and  of  degenerated  condition  of  the  epithelium  of 
the  urinary  tubules.  These  casts  and  the  casts  containing 
fatty  matter  are  frequently  found  in  gouty  subjects,  and 
then  give  rise  to  an  unfavorable  prognosis.  The  prognosis  is 
better  in  cases  where  the  chronic  desquamative  nephritis  is 
the  sequel  of  the  acute  process. 

The  casts  containing  fat  or  fatty  epithelium  are  most  fre- 
quently the  sequel  of  non-desquamative  disease  of  the  kid- 
neys, and  indicate  the  presence  of  fatty  degeneration  of  the 
kidneys  in  the  so-called  granular  form. 

The  casts  of  considerable  diameter  may  occur  in  all  diseases 
of  the  kidneys,  and  may  therefore  accompany  all  different  de- 
scriptions of  casts  described.  The  presence  of  these  casts  is 
under  all  circumstances  evidence  that  there  are  Bellinian 
tubules  totally  deprived  of  their  epithelium.  Their  impor- 
tance as  a pathological  indication  is  therefore  in  a great 
measure  dependent  upon  the  nature  of  the  affection,  in  the 
course  of  which  they  have  been  deposited. 


CHAPTER  XXI. 


ALBUMEN. 


Tiie  composition  of  albumen,  as  it  occurs  in  the  blood,  is 
\ cry  similar  to  that  of  white  of  eggs. 

White  of  eggs.  Albumen  from  blood. 


Carbon  . 

. 534 

53-0 

Hydrogen 

. 7-0 

71 

Nitrogen 

15-6 

15-6 

Oxygen  . 

. 22-4 

231 

Sulphur  . 

1-6 

1*2 

100-0 

1000 

We  possess  no  chemical  formula  or  symbol  for  albumen,  as 
its  rational  composition  is  unknown.  According  to  the  quan- 
tity of  sulphur,  white  of  eggs  must  contain  more  than  90, 
and  albumen  of  blood  more  than  110  equivalents  of  carbon.1 
Notwithstanding  this,  the  chemical  characters  of  both  de- 
scriptions of  albumen  are  so  much  alike,  that  it  is  difficult  to 
distinguish  them  by  chemical  tests. 

Albumen  is  formed  in  plants,  and  introduced  into  the 
animal  economy  as  food;  it  there  undergoes  certain  modi- 
fications, serves  the  purposes  of  the  economy,  and  becomes 
disintegrated,  leaving  the  body  mostly  in  the  form  of  urea. 
But  when  albumen,  as  such,  is  discharged  in  the  urine, 
this  is  a sign  of  severe  disease  of  the  blood  or  of  the 
kidneys. 


General  characters  of  Albumen. 

Albumen  occurs  in  a soluble  and  an  insoluble  modification. 
The  former  is  present  in  all  the  fluids  of  animal  and 
vegetable  bodies,  and  may  be  transformed  into  the  latter  bv 

' Strecker,  Dr.  A.,  ‘ Kurzes  Lekrbuch  der  organischeu  Chcmie,’  2te  Aufl. 
Braunschweig,  1857,  p.  485. 
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boiling  with  water,  or  by  contact  with  absolute  alcohol,  acids, 
or  alkalies.  The  soluble  modification  may  be  obtained  in  a 
solid  state  by  evaporating  the  solution  at  a temperature  not 
exceeding  50°  C.  (122°  F.),  or  by  drying  in  vacuo  over 
sulphuric  acid.  It  is  a yellowish  transparent  mass,  of 
1314  specific  gravity,  which  swells  up  with  water,  and,  after 
a time  dissolves.  It  has  an  alkaline  reaction,  and  contains 
about  5 per  cent,  of  free  alkali  and  salts,  which  may  be 
partly  removed  by  washing  with  water,  as  they  dissolve  quicker 
than  the  albumen  itself.  The  albumen,  thus  freed  from 
alkalies,  is  insoluble  in  pure  water. 

The  insoluble  modification  of  albumen  is  a flaky  or  lumpy 
mass,  without  taste  or  smell,  insoluble  in  water,  alcohol,  and 
ether,  soluble  in  dilute  caustic  alkali  by  the  aid  of  a gentle 
heat,  from  which  solution  it  may  be  precipitated  by  the 
addition  of  an  acid.  The  precipitate  is  changed  in  some 
degree,  having  lost  part  of  its  sulphur,  which  is  sometimes 
evolved  in  the  form  of  sulphuretted  hydrogen.  The  insoluble 
modification  is  also  soluble  in  concentrated  acetic  acid  and 
common  phosphoric  acid  ; and  in  these  solutions  a precipitate 
is  produced  by  ferrocyanide  and  ferri cyanide  of  potassium.  It 
is  soluble  in  very  dilute  mineral  acids,  or  at  least  is  transformed 
into  a jelly-like  mass;  the  addition  of  a larger  amount  of 
acid  to  these  solutions  produces  a precipitate.  Concentrated 
hydrochloric  acid,  or  sulphuric  acid  somewhat  dilute,  or  a 
mixture  of  concentrated  hydrochloric  acid  and  some  sulphuric 
acid,  dissolve  the  insoluble  modification  of  albumen  formed 
by  the  aid  of  heat,  and  decomposes  it.  When  this  solution  is 
boiled,  and  the  air  has  free  access  to  it,  it  becomes  indigo- 
blue,  or  of  a violet  colour,  which  soon  changes  into  brown. 
Concentrated  nitric  acid  imparts  a deep-yellow  colour  to 
solid  albumen,  when  the  mixture  is  gently  warmed.  A solu- 
tion of  mercury  in  nitric  acid  (containing  salts  of  the 
suboxyde  and  of  the  protoxyde,  Strecker),  which  is  made  by 
dissolving  one  part  of  mercury  in  two  parts  of  nitric  acid,  con- 
taining 4<l  equivalents  of  water,  and  having  a specific  gravity 
of  1 *41  (Neubauer),  imparts  a saturated  red  colour  to  albumen 
in  the  solid  or  dissolved  state,  when  the  mixture  is  warmed 
to  140°  or  212°  F.  The  colour  is  not  removed  by  the  influence 
of  the  air,  or  by  protracted  boiling.  This  is  said  to  be  the 
most  delicate  test  for  albumen  (Neubauer).  On  this  I must 
remark  that  it  is  not  applicable  to  the  urine,  as  three  different 
precipitates  are  formed  in  it  by  this  mercurial  solution ; one 
of  the  suboxyde  with  chlorine  (calomel),  one  of  the  protoxyde 
with  urea,  and  one  of  the  albumen  with  the  free  nitric  acid  of 
the  mercurial  solution. 


ALBUMEN. 


219 


These  precipitates  obscure  the  red  colour  so  much,  that 
frequently  only  a fawn  or  pale-red  colour  remains,  and  that 
only  when  the  coagulated  albumen  is  transferred  into  a second 
quantity  of  mercurial  solution. 

A solution  of  iodine  in  ioduretted  hydrogen,  or  in  iodide  of 
potassium,  imparts  a brownish-yellow  colour  to  albumen. 
When  mixed  with  strong  sulphuric  acid  and  a solution  of 
sugar,  albumen  yields  a solution  which  is  red  at  first,  and 
afterwards  assumes  a violet  colour. 

When  heated,  albumen  begins  to  melt  at  higher  tempera- 
tures, and  is  decomposed,  the  mass  swelling  up,  charring,  and 
evolving  an  odour  of  burnt  horn.  When  subject  to  the  pro- 
cesses of  destructive  distillation,  or  allowed  to  putrefy, 
albumen  yields  a variety  of  substances,  among  which  formic, 
acetic,  benzoic,  and  some  fatty  acids,  may  be  mentioned. 
Two  crystallized  substances  of  pathological  significance  are 
also  obtained— -leucine  and  tyrosine.  When  albumen  is  di- 
gested with  permanganate  of  potash,  urea  is  obtained  as  one 
of  the  products  of  the  oxydation. 

When  a solution  of  albumen  is  precipitated  with  basic 
acetate  of  lead,  the  precipitate  washed,  and  suspended  in 
water,  and  carbonic  acid  is  now  passed  through  the  mixture, 
the  albumen  is  redissolved  together  with  a little  lead,  which 
may  be  removed  by  sulphuretted  hydrogen.  The  filtered  solu- 
tion, on  evaporation  at  a temperature  not  exceeding  50° 
C.  (122°  F.),  leaves  solid  soluble  albumen,  which  is  free  from 
mineral  constituents,  and  has  an  acid  reaction  when  dissolved, 
as  it  contains  some  acetic  acid. 

When  the  temperature  of  a solution  of  albumen  in  water 
is  raised  to  60°  C.  (140°  F.),  it  begins  to  get  turbid  in 
the  upper  strata,  and,  on  the  temperature  being  raised  to 
75°  C.  (107°  F.),  the  albumen  coagulates  in  large  flakes, 
which  become  the  more  compact  the  higher  the  tem- 
perature is  raised,  or  the  longer  the  boiling  is  protracted. 
The  more  dilute  a solution  of  albumen  is,  the  higher  is 
the  temperature  which  it  requires  for  coagulation.  The 
free  alkali,  which  is  in  combination  with  the  albumen, 
requires  to  be  neutralized  before  boiling,  by  means  of 
acetic  acid,  otherwise  a part  of  the  albumen  will  remain 
in  solution,  unaffected  by  any  temperature.  The  addition 
of  alkali  to  a solution  of  albumen  may  prevent  its  coagulation 
by  heat. 

During  the  coagulation  of  albumen  from  the  egg,  an 
evolution  of  sulphuretted  hydrogen  takes  place.  This  is  not 
the  case  when  albumen  from  the  blood  is  coagulated. 

Solutions  of  albumen  are  precipitated  by  the  addition  of 
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alcohol ; strong  spirits  of  wine  transform  the  albumen  into 
the  insoluble  modification;  dilute  spirits  of  wine,  however, 
precipitate  it  without  change.  Creosote,  aniline,  and  other 
products  of  destructive  distillation,  coagulate  albumen.  Most 
mineral  acids  precipitate  solutions  of  albumen.  (The  tribasie 
phosphoric  acid  is  an  exception  to  this  rule.)  The  precipitate 
contains  the  acid  employed  in  combination  with  coagulated 
albumen.  This  precipitate  is  soluble  in  a large  excess  of 
water,  so  that  if  we  attempt  to  free  it  from  the  acid  by 
washing  with  water,  it  is  almost  entirely  dissolved.  Most 
organic  acids — for  example,  acetic  acid — do  not  precipitate 
albumen.  A solution  of  albumen,  however,  slightly  acidu- 
lated with  acetic  acid,  and  then  diluted  with  a large  bulk  of 
water,  or  mixed  with  a concentrated  solution  of  chloride  of 
sodium,  yields  a precipitate  of  albumen.  When  gently 
warmed  with  an  alkali,  the  soluble  modification  is  trans- 
formed into  the  insoluble  one,  but  remains  dissolved  in  the 
alkali,  from  which  it  may  be  precipitated  by  acetic  acid. 
Most  salts  of  the  oxydes  of  the  heavy  metals  yield  precipitates 
with  solutions  of  albumen.  The  precipitation  by  corrosive 
sublimate  may  be  mentioned  prominently  as  useful ; when 
sublimate  does  not  produce  any  precipitate  in  urine,  in 
which  we  have  to  determine  urea  by  means  of  the  mer- 
curial solution,  we  may  be  sure  that  no  albumen  is  pre- 
sent, likely  to  interfere  with  the  correctness  of  the  ana- 
lysis. 

A solution  of  albumen  causes  a turning  of  the  plane  of 
polarization  towards  the  left. 

The  albumen  of  the  blood  is  not  precipitated  by  dilute 
sulphuric  acid,  yields  no  sulphuretted  hydrogen  on  coagula- 
tion by  heat,  and  contains  less  sulphur  than  the  albumen  of 
eggs.  In  all  other  respects  both  descriptions  of  albumen  are 
pretty  nearly  identical. 

Diagnosis  of  Albumen  in  Urine. 

Coagulation  by  heat. — Care  being  taken  that  the  urine  have 
a slightly  acid  reaction,  naturally  or  by  the  aid  of  some  acid, 
as  acetic  acid,  the  albumen  will  coagulate  at  a temperature  of 
from  60°  to  100°  C.  (140°  to  212°  F.) 

A precipitate  of  earthy  phosphates  cannot  be  mistaken  for 
one  of  albumen,  because  it  is  soluble  in  a drop  of  almost 
any  acid  (nitric,  acetic,  hydrochloric,  or  phosphoric)  ; be- 
cause it  never  forms  into  flakes,  as  the  albumen  does,  on 
protracted  heating  or  ebullition ; and  because  it  redissolves 
on  cooling  ; when  formed  under  the  influence  of  heat. 
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There  is  this  caution  to  he  observed — that  an  excess  of 
any  acid  beyond  the  amount  necessary  for  neutralizing  the 
free  alkali  of  the  albumen,  will,  on  boiling,  or  without  it  in 
very  dilute  solutions  of  albumen,  keep  a certain  proportion  of 
it  in  solution,  just  as  the  precipitate  of  albumen  and  nitric 
acid  dissolves  in  an  excess  of  water.  A slight  turbidity  from 
albumen,  produced  by  boiling,  may  therefore  disappear  on 
the  addition  of  a drop  of  acetic  acid.  This  test  seems  to 
have  been  considered  by  Heller1  as  the  reaction  of  a modified 
albumen,  but  it  is  probably  only  the  reaction  of  a very  dilute 
albumen. 

If  the  urine  is  alkaline,  and  the  amount  of  albumen  con- 
tained in  it  is  small,  it  will  not  be  coagulated  by  boiling.  If 
the  amount  of  albumen  be  larger,  a part  corresponding  to  the 
amount  of  free  alkali  will  be  kept  in  solution. 

Nitric  acicl  test. — The  addition  of  nitric  acid  to  albuminous 
urine  causes  a white  precipitate  of  a compound  of  nitric  acid 
and  albumen.  This  test,  if  used  with  certain  precautions,  is 
extremely  delicate  and  handy.  I can  strongly  recommend 
the  proceeding  advocated  by  Heller.2  A small  conical  glass 
is  filled  to  two  thirds  of  its  height  with  urine,  and  some  nitric 
acid  is  then  allowed  to  flow  along  the  wall  of  the  glass 
towards  the  bottom,  where  it  collects.  It  mixes  with  some 
urine,  and  forms  a clear  reddish,  mostly  dark  stratum  of  fluid. 
If  albumen  is  present,  there  will  be,  lying  immediately  on  the 
acid,  a turbid  layer  of  a precipitate,  so  strongly  distinguished 
both  from  the  acid  and  the  supernatant  urine,  that  it  cannot 
easily  be  overlooked.  When  the  amount  of  albumen  is  very 
small,  the  precipitate  sometimes  appears  only  after  a few 
minutes,  or  becomes  more  distinct ; but  after  standing  longer, 
it  diffuses  in  the  fluid.  But  in  most  cases  it  appears  readily 
and  distinctly. 

The  addition  of  nitric  acid  to  some  descriptions  of  urine 
may  cause  a precipitate  of  uric  acid.  In  the  few  cases  in 
which  I have  met  with  this  precipitate  (cases  of  scarlet  fever 
during  the  acme),  it  consisted  of  the  hydrate  of  uric  acid,  as, 
on  heating,  the  urine  became  speedily  clear,  and  now  was  full 
of  uric  acid  crystals.  Under  the  microscope  the  precipitate 
was  amorphous,  transparent,  in  jelly-like  masses,  which  when 
left  to  themselves  quickly  agglomerated  into  crystalline  forms. 
This  precipitate  in  every  respect  corresponds  to  that  ob- 
tained by  throwing  a solution  of  urate  of  soda  into  hydro- 
chloric acid  of  the  ordinary  temperature.  When  the  hvdro- 
chloric  acid  is  previously  made  hot,  the  uric  acid  obtained  is 

1 ‘ Arcliiv  fur  Chemie  und  Microsc.,’  1852.  p.  167 

5 Ibid.,  p.  107. 
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not  jelly-like  and  hydrated,  but  crystallized,  and  with  only 
two  equivalents  of  water.  In  correspondence  with  these 
facts,  the  urine  gave  no  precipitate  of  fawn-coloured  hydrate 
of  uric  acid  with  nitric  acid,  when  it  was  heated  before  the 
addition  of  the  acid,  and  the  crystals  formed  quickly  in  a 
clear  fluid.  It  is  very  improbable  that  urates  should  be  pre- 
cipitated from  their  solution  in  urine  by  nitric  acid.  But 
whether  this  precipitate  be  made  up  of  urates,  as  Heller 
believes,  or  of  uric  acid,  as  in  the  above-mentioned  cases,  not 
only  the  characters  described  by  me,  but  also  some  described 
by  Heller,  readily  distinguish  it  from  albumen.  For 
the  precipitate  resting  on  the  clear  layer  of  acid,  when 
made  up  of  uric  acid  or  urates,  diffuses  in  cloudy  streaks 
through  the  entire  stratum  of  supernatant  urine,  which 
the  precipitate  of  albumen  never  does.  And  if  in  one 
and  the  same  urine  both  albumen  and  uric  acid  are 
precipitated  by  nitric  acid  in  the  manner  described,  then 
the  layers  of  the  mixture  are  so  arranged,  that  upon  the 
lowest  clear  layer  of  acid  the  layer  of  albumen  follows ; upon 
this  there  is  another  layer  of  clear  urine ; and  uppermost 
floats  a stratum  of  urine  which  is  turbid  from  clouds  of  uric 
acid  (or  urates) . 

Quantity  of  Albumen  in  Urine. 

It  is  sometimes  useful  to  know  the  quantities  of  albumen 
which  a patient  loses  with  his  urine.  The  amount  of  lesion 
in  the  blood  and  kidneys  may  be  approximately  determined 
by  this  analysis,  when  all  other  symptoms  are  taken  into 
consideration. 

A measured  quantity  of  filtered  urine — 50  c.c.  when  much, 
100  c.c.  when  little  albumen  is  present — are  most  carefully 
neutralized  or  slightly  acidulated  by  means  of  dilute  acetic 
acid.  They  are  then  put  into  a Florence  flask  ; the  flask  is 
placed  in  a water-bath,  and  the  water  is  kept  boiling  for 
some  minutes,  until  the  thermometer,  when  placed  in  the 
fl  ask,  indicates  that  the  temperature  of  the  urine  has  risen  to 
above  194°  F.  When  the  urine  has  contained  little  albumen, 
the  flask  may  be  taken  out  of  the  water-bath,  and  placed 
over  the  free  fire,  and  the  urine  heated  to  ebullition.  The 
coagula  are  then  collected  on  a filter  of  known  weight,  washed, 
and  dried,  first  in  the  water-bath,  afterwards  in  the  air-bath, 
until  no  further  loss  of  weight  takes  place.  The  amount  of 
dry  albumen  thus  found,  when  multiplied  by  the  total  amount 
of  urine  discharged  in  a given  time,  and  compared  with  the 
known  amount  of  albumen  in  the  serum  of  the  blood,  gives 


ALBUMEN. 


253 


us  tlie  key  to  the  pathological  deductions  as  to  the  nature 
and  amount  of  the  lesion,  of  which  the  exudation  of  albumen 
is  a symptom. 


Pathological  indications. 

Leaving  out  of  consideration  all  cases  where  the  urine  is 
albuminous  from  the  presence  of  blood,  pus,  or,  perhaps, 
though  rarely,  from  an  admixture  of  semen,  the  presence  of 
albumen  in  the  urine  indicates  a pathological  condition  of  the 
kidneys,  of  a temporary,  chronic,  or  permanent  nature.  The 
most  elementary  condition  coming  under  this  head  is  that  of 
stasis  of  the  blood  in  the  capillary  vessels,  commonly  called 
congestion.  We  know,  from  experiments  on  animals,  that 
compression  or  ligature  of  the  renal  veins  causes  albumen  to 
appear  in  the  urine.  We  know  that  paralysis  of  the  vascular 
and  other  nerves  of  the  kidneys,  which  enter  with  the  artery, 
by  temporary  constriction  of  the  artery,  or  by  complete 
division,  a tube  being  inserted  to  keep  up  the  circulation,  has 
the  same  effect.  We  know,  moreover,  that  a vitiated  con- 
dition of  the  blood  will  make  it  unfit  to  pass  the  capillary 
vessels,1  and  thus  produce  stasis  in  the  kidneys.  It  is  very 
probable  that  this  is  the  mode  of  action  of  most  diuretics, 
such  as  cantharides,  turpentine,  digitalis,  and  others,  by 
which  indeed  albumen  and  blood  may  be  made  to  appear  in 
the  urine ; and  this  is  also  the  most  probable  explanation  of 
the  way  in  which  the  specific  poisons  of  scarlatina  and  allied 
diseases,  and  of  typhus,  gout,  and  rheumatism  affect  the 
kidneys.  In  all  these  diseases,  or  in  certain  stages  thereof, 
albumen  in  the  urine  is  of  more  or  less  common  occurrence. 
W e are  acquainted  with  some  other  morbid  conditions  of  the 
blood,  artificial  or  the  consequences  of  disease,  not  being  due  to 
the  introduction  of  a poison,  which  cause  stasis  in  the  kidneys 
and  albumen  in  the  urine.  Thus  the  injection  of  large  quan- 
tities of  water  into  the  blood,  or  a watery  condition  of  the 
blood  in  the  course  of  disease,  with  diminution  of  the  albumen 
of  the  blood,  known  by  the  name  of  liydrremia  and  liypal- 
buminosis,  will  cause  albumen  to  appear  in  the  urine.  The 
injection  of  dissolved  albumen  into  the  blood  has  also  some- 
times had  the  same  effect.  But  whether  in  these  cases,  as 
after  injection  of  water,  and  the  ligature  of  the  abdominal 


l The  arguments  regarding  these  conditions  of  the  blood,  and  their  conse- 
quences, have  been  so  fully  put  forth  by  Dr.  Johnson  in  his  treatise  on 
‘ Cholera,’  that  I am  induced  to  call  the  attention  of  the  reader  to  the  deductions 
there  arrived  at.  See  also  my  paper  on  the  Cause  of  the  Emptiness  of  the 
Arteries  after  Death,  in  the  ‘ Assoc.  Med.  Journal.’ 
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aorta  below  the  origin  of  the  renal  arteries,  the  appearance  of 
albumen  is  due  to  increased  pressure  of  the  blood  in  the  vas- 
cular system,  or  to  the  vitiated  condition  of  the  blood,  or  to 
both  causes,  remains  to  be  decided. 

Under  all  circumstances,  however,  the  immediate  cause 
of  the  exudation  of  albumen  through  the  kidneys  is  in- 
creased pressure  of  the  blood  in  the  Malpighian  bodies, 
whereby  these  bodies  expand,  and  allow  a certain  amount 
of  albumen  to  pass  through  their  tissue.  When  the  pressure 
becomes  greater,  rupture  of  the  arteries  is  the  necessary  con- 
sequence. 

The  appearance  of  albumen  in  the  urine  is  of  very  variable 
significance,  according  to  the  nature  of  the  disease  in  the 
course  of  which  it  happens.  It  is  most  common  in  those 
diseases  which  find  a local  expression  in  the  degenerations  of 
the  kidneys  comprised  under  the  name  of  Bright's  disease, 
but  which  more  lately  have  been  appropriately  classified 
according  to  their  anatomical  and  symptomatic  natures. 
The  appearance  of  albumen,  when  due  to  any  of  these 
lesions,  is  always  qualified  by  other  symptoms,  particularly 
the  appearance  of  the  fibrinous  casts  described  in  a former 
chapter. 

In  the  course  of  some  diseases  albumen  may  appear  in  the 
urine  for  a single  day,  or  for  several,  or  for  many  days ; and 
may  disappear  without  leading  to  anatomical  lesions  of  the 
kidneys.  Thus  in  typhus  albumen  is  not  unfrequently  found, 
particularly  during  the  acme.  I have  observed  albumen  in 
the  urine  from  acute  cases  of  rheumatism.  A girl,  aged  15 
years,  was  affected  by  violent  rheumatic  fever.  On  the  worst 
day  of  the  illness,  when  most  joints  of  the  limbs  began  to 
swell,  she  only  discharged  60  c.c.  of  urine  in  twenty-four 
hours,  which  was  dark  red  and  highly  albuminous,  without 
blood  or  casts.  I have  found  albumen  in  several  cases  of 
acute  and  chronic  rheumatism;  in  the  latter  particularly 
when  an  acute  attack  was  threatening.  In  a case  of  hyper- 
trophy of  the  heart  I found  albumen  in  scanty  urine : and 
there  being  no  evidence  of  organic  lesion  of  the  kidneys,  the 
case  was  most  successfully  treated  by  diuretics.  A similar 
experience  in  cases  of  typhus,  pneumonia,  and  rheumatism, 
makes  it  probable  that  these  remedies,  though  increasing  the 
stasis  for  a day,  and,  perhaps,  acting  in  another  way  by 
increasing  the  secretory  activity  of  the  kidneys  without 
causing  mere  stasis,  are  the  very  remedies  to  remove  the 
cause  of  the  original  stasis,  namely,  the  poison  in  the  blood. 
And  though  1 perfectly  agree  with  the  opinions  condemnatory 
of  the  indiscriminate  treatment  of  renal  dropsies  bv  diuretics, 
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yet  I cannot  join  in  the  general  outcry  against  these  reme- 
dies, and  their  exhibition  in  certain  stages  of  these  diseases. 
For  I have  known  patients  saved  w ho  were  in  a soporose  con- 
dition, and  nearly  moribund,  by  a strong  diuretic,  which  was 
administered  with  a full  consciousness  of  the  effect  it  would 
have  upon  the  patient’s  kidneys.  And  though  the  kidneys  were 
made  worse  for  a day,  yet  the  patient  was  got  over  the  critical 
period,  and  time  was  gained  to  bring  other  remedies  into 
operation,  under  w hich  the  aggravated  condition  of  the  kid- 
neys abated,  and  the  patient  was  saved. 

Albumen  in  the  urine  of  patients  labouring  under  an 
acute  attack  of  gout  is  also  common.  Albumen  in  the  urine 
of  gouty  and  rheumatic  patients  seems  to  me  to  indicate 
that  the  disease,  should  it  become  of  a chronic  nature, 
lias  a tendency  to  produce  those  morbid  conditions  of  the 
kidneys  known  as  chronic  desquamative  disease,  chronic 
purulent  disease,  vrasting  and  fatty  kidney,  in  the  course 
of  which  the  epithelium  of  the  tubuli  disappears,  or  de- 
generates fatty,  or  granular,  as  evidenced  by  the  appearance 
of  hyaloid,  fatty  or  granular  fibrinous  casts. 

Many  researches  will  yet  be  required  to  bring  the  symp- 
toms of  diseased  action  into  connection  with  the  anatomical 
lesion  of  the  kidneys,  and  the  latter  in  connection  with  the 
causes,  local  or  general,  giving  rise  to  them.  But  we  are 
on  a progressive  route  in  this  direction,  and  many  ap- 
pearances augur  success  to  pathological  forays  in  these 
regions. 
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The  diagnosis  of  pus  in  urine  rests  upon  tlie  presence  of 
pus-corpuscles,  to  be  ascertained  by  tlie  microscope,  and  upon 
the  tests  for  albumen,  as  the  presence  of  pus  invariably  makes 
tlie  urine  albuminous. 

When  pus  is  present  in  ordinary  acid  urine,  even  in  small 
quantities,  it  always  forms  a deposit,  the  corpuscles  subsiding 
towards  the  bottom  of  the  vessel,  while  the  albuminous  liquor 
remains  dissolved  in  the  fluid.  The  deposit  is  easily  diffused 
by  agitation,  but  soon  settles,  first  like  a cloud  in  the  lower 
strata  of  the  urine,  afterwards  again  to  the  bottom  of  the 
vessel.  When  pus  is  present  in  larger  quantities,  it  forms 
clouds  in  the  lower  strata  of  the  urine. 

Pus-corpuscles. 

These  bodies  are  nucleated  cells,  and  do  not  differ  in 
structure  and  reaction  from  the  white  cells  of  the  blood  or 
lymph-corpuscles.  In  shape  they  are  more  or  less  globular, 
and  hence  are  called  pus-globules.  Their  diameter  varies 
between  xob  oth  and  °f  an  inch.  The  nucleus,  single 

or  compound,  is  always  present,  and  if  not  visible  at  once, 
may  be  made  so  by  chemical  agents.  The  outlines  of 
many  corpuscles  are  only  faintly  visible,  better  in  a dull 
light  than  when  illuminated  too  strongly.  Many  corpuscles 
have  a granulated  appearance,  from  matter  deposited  in  the 
interior  of  the  cell.  (Fig  3,  PL  V.) 

When  brought  into  contact  with  water,  the  corpuscles 
swell  up  and  become  pale;  and  their  outline  is  rendered 
indistinct.  The  granular  appearance  mostly  disappears,  but 
the  nuclei  and  nucleoli  become  visible  or  more  distinct. 
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Acetic  acid  and  dilute  mineral  acids  cause  tlie  corpuscles  to 
become  pale  and  swell  up,  and  the  cell-membrane  frequently 
bursts  under  their  influence,  or  disappears  altogether.  The 
nuclei  are  then  set  free,  and  exhibit  their  variable  size,  shape, 
and  composition. 

When  pus-globules  are  introduced  into  a concentrated 
solution  of  any  neutral  salt  of  the  alkalies,  such  as  sulphate 
of  soda,  the  endo-  and  exosmotic  changes  cause  the  globules  to 
collapse  ; to  assume  irregular,  star-like,  angular  appearances  ; 
and  to  become  granular,  so  as  to  appear  as  if  covered  with 
granules.  The  nucleus,  under  this  treatment,  mostly  dis- 
appears in  part  or  altogether.  Similar  changes  arc  produced 
by  these  solutions  on  corpuscles  which  have  been  previously 
treated  with  acetic  acid  or  water.  When  the  nuclei  have 
been  made  invisible  by  solutions  of  salt,  the  addition  of 
acetic  acid  will  not  always  afterwards  make  them  visible 
again. 

When  treated  with  caustic  alkalies,  the  pus-globules  are 
disintegrated,  almost  entirely  destroyed,  and  on  the  addition 
of  water  are  dissolved  almost  entirely,  merely  leaving  a small 
gelatinous  residue,  in  which  some  light  and  dark  points  are 
to  be  distinguished.  If  a deposit  of  pus  from  urine  is  agitated 
with  an  equal  quantity  of  liquor  potassoe,  it  forms  a dense 
translucent,  gelatinous,  or  mucous  mass,  often  so  solid,  ac- 
cording to  Dr.  Gf.  Bird,  that  the  tube  can  be  inverted  without 
any  escaping.  Similar  changes  are  induced  by  the  carbonate 
of  ammonia  formed  from  urea  during  the  decomposition  of 
urine.  The  deposit  of  pus  then  becomes  viscid,  and  so  very 
much  resembles  mucus  that  it  is  not  rarely  mistaken  for  it. 
The  globules  disappear,  being  transformed  into  a gelatinous 
mass.  Dr.  Gf . Bird  affirms  that  the  addition  of  acetic  acid  to 
this  viscid  urine  will  convert  the  mucous  mass  into  a white 
granular  deposit. 

Urine  containing  pus  is  mostly  slightly  alkaline,  and,  as  I 
have  already  stated,  always  albuminous.  When  the  quantity 
of  pus  is  very  small,  the  albumen  may  escape  detection,  and 
the  corpuscles  being  found  as  a sediment  may  induce  the 
belief  that  pus  might  he  present  without  albumen.  But  when 
the  albumen  is  coagulated  by  boiling,  it  may,  though  not 
visible  to  the  naked  eye,  yet  be  seen  with  the  microscope. 
For  if,  to  the  urine  thus  boiled,  some  solution  of  iodine  in 
iodide  of  potassium  is  added,  and  the  mixture  is  allowed  to 
rest  for  a while,  we  find  shreds  and  flocculent  membranes, 
coloured  brownish-red,  in  the  lower  strata  of  the  fluid,  when 
they  are  brought  under  the  microscope. 
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Pathological  indications. 

The  presence  of  pus  in  the  urine  indicates  suppuration  in 
some  part  of  the  urinary  organs  or  adjoining  regions.  But 
the  diagnosis  of  the  seat  of  that  suppuration  is  in  practice 
frequently  surrounded  with  great  difficulty.  The  principal 
pathological  conditions  which  may  give  rise  to  the  appearance 
of  pus  in  the  urine  are  the  following. 

Purulent  disease  of  the  kidneys.  Suppurative  nephritis. — 
This  disease  is  sometimes  the  sequel  of  non-desquamative  or 
desquamative  nephritis,  and  then  begins  with  the  appearance 
of  intra-epithelial,  small,  or  large  intra-membranous  fibrinous 
casts,  containing  pus-corpuscles.  But  when  the  basement 
membrane  of  the  tubuli  becomes  destroyed,  the  pus  no  longer 
assumes  the  shape  of  casts,  but  is  simply  mixed  with  the 
urine.  In  this  manner  one  or  both  kidneys  may  be  de- 
stroyed. When  no  history  of  the  case  is  known,  and  no  puru- 
lent casts  are  found,  these  cases  sometimes  remain  obscure 
for  a period.  If  the  discharge  of  pus  in  albuminous  urine 
continues  regularly  for  a length  of  time,  even  without  local 
or  general  symptoms,  I think  that  purulent  nephritis  is  pretty 
sure  to  exist.  (PI.  IY,  figs.  I and  2.) 

Inflammation  of  the  mucous  membrane  of  the  pelvis  of  the 
kidney,  or  pyelitis,  in  consequence  of  retention  of  urine  from 
various  causes,  as  taught  by  surgery,  may  cause  pus  to  appear 
in  the  urine.  The  presence  of  concretions  in  the  pelves 
and  calyces  may  have  the  same  effect.  The  relative  symp- 
toms ensure  the  appearance  of  pus  to  be  assigned  to  its  proper 
cause. 

When  the  pus  comes  from  the  ureters,  its  formation  is 
mostly  accompanied  by  pain  along  the  course  of  these  organs. 

In  the  bladder,  pus  may  form  under  various  circumstances. 
Many  diseases  of  the  kidneys  cause  by  the  altered  quality  of 
the  urine  irritation  of  the  bladder,  and  an  increased  discharge 
of  mucus.  There  is  no  difference  between  mucus-  and  pus- 
corpuscles,  if  considered  singly  : it  is  therefore  natural  that 
the  line  where  mucus  ends  and  pus  begins  is  not  very  dis- 
tinct, at  least  to  our  present  means  of  diagnosis.  The  dis- 
tinction is  of  no  great  importance  if  the  locality  of  the 
formation  is  known  to  be  the  bladder ; which  it  is  easy  to 
know,  as  local  symptoms  are  scarcely  ever  absent  when  the 
bladder  is  the  seat  of  even  superficial  and  secondary  irri- 
tation. Catarrh  of  the  bladder,  in  consequence  of  alkaline 
urine  and  its  various  causes  as  enumerated  under  that  head, 
is  one  of  the  conditions  to  be  mentioned.  It  always  ac- 
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companies  stone  in  the  bladder,  and  is  a frequent  consequence 
of  litliotrity. 

V 

The  pus  may  have  its  origin  in  the  urethra,  as  in 
gonorrhoea,  and  its  frequent  sequel,  stricture.  In  these 
cases,  particularly  those  of  the  former  class,  pus  may  always 
be  obtained  from  the  urethra  without  the  admixture  of 
urine. 

In  females  the  urine  may  have  an  admixture  of  pus  from 
the  vagina  or  the  uterus. 

Abscesses,  which  sometimes  form  in  the  pelvis,  the  sub- 
peritoneal  cellular  tissue,  in  consequence  of  puerperal  fever, 
or  other  lesions,  such  as  gun-shot  wounds,  may  open  into 
any  part  of  the  urinary  passages.  I have  observed  such  a case 
in  an  unmarried  woman,  where  a pelvic  abscess  discharged 
itself  entirely  by  way  of  the  bladder. 

When  an  abscess  has  become  encased,  without  opening, 
the  pus-corpuscles  undergo  fatty  degeneration.  We  then 
find  the  cells  larger,  transparent,  and  filled  with  numerous 
fat-granules.  The  membranes  are  soon  destroyed,  and  we 
see  the  few  granular  cells  left  over  imbedded  into  a mass  of 
albumen  and  granular  fat,  from  broken-up  cells.  When  this 
description  of  pus,  which  has  the  colour,  consistence,  and 
odour  of  cream,  is  mixed  with  the  urine,  it  gives  it  a perfectly 
milky  appearance.  This  admixture  of  pus,  which  may  occur 
in  the  course  of  certain  forms  of  purulent  nephritis  (as  in  the 
case  described  by  me  in  the  f Association  Medical  Journal 3 
for  April  26,  1856),  must  not  be  mistaken  for  chylous  urine. 
Another  mistake  here  to  be  referred  to  is  that  of  Lehmann, 
who  interprets  all  cases  of  chylous  urine  as  purulent  urine 
metamorphosed  by  alkalinity. 

Vogel  has  drawn  attention  to  the  importance  of  observing 
the  particular  shape  of  the  pus-corpuscles.  Quite  normal 
pus-corpuscles  of  a perfectly  circular  outline,  which,  after 
treatment  with  acetic  acid,  exhibit  the  characteristic  nucleus, 
composed  mostly  of  two  or  three  nucleoli,  admit  of  the  conclu- 
sion that  the  disease  giving  rise  to  their  formation  is  of  a mild 
form — a simple  catarrh  of  the  mucous  membrane.  But  when 
the  pus-corpuscles  are  irregular  in  form  and  outline,  and  on 
treatment  with  acetic  acid  show  an  irregular  nucleus,  or  an 
indistinct  granular  mass  in  their  interior,  or  when  such  cor- 
puscles are  mixed  -with  irregular  debris,  not  particularly 
defined,  then  purulent  destruction  is  evident,  and  the  integrity 
of  the  organ  where  this  formation  takes  place  is  in  great 
danger,  or  lost  altogether.  Such  pus  would  be  the  product 
of  ulceration  and  tuberculosis. 


CHAPTER  XXIII. 


MUCUS. 


I have  already  described  the  appearances  of  mucus  as  a 
normal  ingredient  of  urine,  and  here  only  recur  to  the  sub- 
ject for  the  purpose  of  mentioning  a few  points  in  the  diag- 
nosis of  mucus  from  pus,  particularly  when  the  mucus  is 
present  in  excess. 


Chemical  characters  of  Mucus. 

Sometimes  it  is  possible  to  obtain  pure  mucus  by  filtration, 
free  from  epithelial  elements ; it  is  then  a glass-like  mass, 
almost  invisible  under  the  microscope.  It  does  not  coagu- 
late by  heat,  but  by  the  addition  of  alcohol.  The  precipitate 
is  soluble  in  water.  Acetic  acid  precipitates  flaky  masses, 
not  soluble  in  an  excess  of  acid.  Mineral  acids  give  precipi- 
tates, easily  soluble  in  an  excess  of  acid.  I have  frequently 
used  hydrochloric  acid  for  liquefying  tough  mucus,  and 
making  it  fit  to  pass  a filter.  Gallic  acid  and  basic  acetate 
of  lead  precipitate  the  solutions  of  mucus  ; neutral  acetate  of 
lead,  alum,  and  corrosive  sublimate  cause  a turbidity. 


sis  of  mucus 

yields  the  following  r 

Carbon 

52T 

Hydrogen 

70 

Nitrogen 

12-5 

Oxygen 

28-4 

1000  (Strecker.) 


Physical  characters  of  Mucus. 

Mucus  is  tough  and  ropy ; when  urine  in  which  it  is  con- 
tained is  filtered,  it  remains  on  the  filter,  rarely  passing 
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through  it.  After  drying,  it  forms  a glistening  membrane, 
like  its  prototype,  the  mucus  on  the  track  of  snails.  Its 
diagnosis  is  always  ensured  by  the  number  of  epithelial  cells 
imbedded  in  its  substance.  But  should  there  be  any  doubt 
whether  there  be  any  mucus  in  a microscopic  specimen  or 
not,  the  addition  of  a little  dilute  tincture  of  iodine  will,  by 
its  precipitating  and  colouring  effect  upon  the  mucus,  readily 
decide  the  question.  The  admixture  of  spermatic  filaments, 
oxalate  of  lime  and  triple  phosphate  crystals,  phosphate  of 
lime,  urate  of  ammonia,  and  tubular  casts,  may  be  ascer- 
tained by  the  microscope  and  the  respective  tests. 


Physiological  quantity  of  Mucus . 

This  depends  mainly  upon  the  nature  of  the  urine  passing 
through  the  bladder.  Concentrated  urine  causes  the  exuda- 
tion of  more  mucus  from  the  bladder;  dilute  urine,  when 
not  altered  otherwise,  has  no  such  effect.  The  largest  quan- 
tity of  mucus  seems  to  be  secreted  during  the  night,  perhaps 
owing  to  the  concentrated  nature  of  the  night  urine,  or  to 
the  irritating  influence  of  its  longer  retention. 

The  normal  amount  of  mucus  cannot  be  expressed  in 
figures.  It  is  best  to  accustom  the  eye  to  an  estimate  by 
frequent  inspection  in  transmitted  light  of  urine  in  glass 
vessels.  Any  excess  at  all  important  will  then  easily  be 
perceived  by  the  increased  bulk  of  the  cloud. 


Excess  of  Mucus. 

This  may  be  caused  by  pathological  conditions  of  the  urine, 
particularly  alkalinity  from  decomposed  urea.  A large 
quantity  of  free  acid  may  have  a similar  effect.  Thus,  the 
strongly  acid  urine,  which  is  voided  by  a person  on  the 
morning  after  the  night  on  which  larger  doses  of  benzoic 
acid  were  taken,  exhibits  a mucous  cloud  double  the  size  of 
that  voided  under  ordinary  circumstances. 

The  Pathological  indications 

of  an  excess  of  mucus  must  depend  upon  the  causes  which 
produce  it.  As  such,  we  may  mention  all  conditions  which 
are  characterised  by  irritation  of  the  urinary  organs.  Patho- 
logical conditions  of  the  urine,  the  presence  of  foreign  bodies 
and  concretions  in  the  bladder,  idiopathic  diseases  of  the 
bladder  and  its  appendages — all  these,  and  some  others,  may 
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be  indicated  in  part  by  an  increased  amount  of  mucus  in  the 
urine. 

When  the  characteristic  symptoms  of  other  defined  dis- 
eases are  absent,  and  the  secretion  of  an  excess  of  mucus 
from  the  bladder  is  the  only  characteristic  symptom,  then  it 
is  termed  blennorrlioea  of  the  bladder,  or  cystorrlicea.  The 
pathological  conditions  of  the  mucous  membrane  giving  rise 
to  this  excessive  secretion  are  probably  not  always  alike; 
but  they  are  mostly  those  of  catarrh  or  chronic  inflamma- 
tion, and  of  venous  engorgement,  from  enlarged  vesical 
veins. 


CHAPTER  XXIY. 


PAT  AND  OIL. 


Apart  from  any  accidental  admixture  of  these  substances, 
which  we  caution  the  reader  to  guard  against  most  scrupu- 
lously, they  may  occur  in  the  urine  as  the  products  of  dis- 
eased action  in  the  body  or  urinary  organs  in  three  different 
forms. 

a.  As  large  and  small  oil-drops,  floating  on  the  surface  of 
the  urine.  Such  oil-drops,  called  oil  because  they  remain 
fluid  at  the  ordinary  temperature  of  the  air,  and  are  salts  of 
oleic  acid,  I found  on  the  urine,  taken  from  the  bladder  after 
death,  of  a woman  who  died  of  chronic  purulent  nephritis, 
with  fatty  degeneration  of  the  left  kidney.  The  oil-drops 
make  a greasy  spot  appear  on  paper,  and  are  easily  soluble 
in  ether. 

h.  As  granular  fat,  most  probably  solid,  or  if  not  sur- 
rounded by  an  albuminous  sphere,  like  the  fat  in  an  emul- 
sion (Ascherson’s  cells),  identical  with  the  granular  fat 
enclosed  in  pus-cells,  or  epithelial  cells  of  the  urinary  tubuli, 
being  a product  of  their  degeneration,  called  fatty  from  the 
presence  of  the  fat.  These  cells  and  the  granular  fat  are 
frequently  imbedded  in  fibrinous  casts. 

c.  As  fat  in  very  minute  particles,  appearing  as  mere 
points  under  the  highest  powers  of  the  microscope,  but 
rising  to  the  surface  of  the  urine,  and  collecting  as  a cream, 
as  in  some  forms  of  chylous  urine. 

Chemical  characters. 

These  are  very  little  known,  but  seem  to  be  identical  for 
the  different  descriptions  enumerated.  What  we  call  fat  and 
oil  arc  most  probably  mixtures  of  different  proportions  of 
oleate  and  margaratc  of  glycerine,  or  of  the  organic  base, 
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which  by  taking  up  water  forms  glycerine,  when  the  acid  is 
separated  from  the  fat  by  alkalies.  The  fat,  which  is  fluid 
at  the  ordinary  temperature  of  the  air,  is  in  all  probability 
the  oleate. 

Fat  and  oil  are  soluble  in  ether,  and  are  deposited  un- 
changed when  the  ether  is  evaporated ; but  when  they  are 
surrounded  by  cell-membranes,  or  albuminous  husks,  ether 
may  fail  to  take  up  the  whole  of  the  fat.  It  then  becomes 
necessary,  not  only  to  shake  the  urine  with  some  ether,  but 
to  evaporate  it  to  dryness,  to  boil  the  residue  with  some 
alcohol  and  acetic  acid,  to  evaporate  again,  and  then  to  ex- 
tract the  residue  with  ether  (Kletzinsky1) . Even  this  extract 
may  be  impure  from  some  hippuric  acid,  which  is  to  be  re- 
moved by  alcohol  or  water. 

Kletzinsky  found  in  the  urine  of  persons  labouring  under 
Bright’s  disease  the  following  quantities  of  fat  in  1000  parts 
of  urine : 0‘24,  0-28,  0 35,  0 37,  0’48,  1 ‘27  parts.  Beale2 
found  14  in  1000  of  fat  in  urine  on  one  occasion. 

Pathological  indications. 

Eat  in  coagulating  or  albuminous  urine,  when  causing  a 
milky  appearance,  is  a feature  of  chylous  urine.  When  oc- 
curring in  drops,  granules,  and  cells,  it  is  an  indication  of 
fatty  degeneration  of  the  kidneys,  particularly  when  the  cells 
or  granules  occur  in  fibrinous  casts  of  the  tubuli. 


1 Heller’s  ‘ Archiv,’  1852,  p.  287. 

? ‘ Microscopical  Journal,’  January,  1853,  pp.  1,  2. 


CHAPTER  XXV. 


CANCER-CELLS  AND  TUBERCULAR  MATTER. 


The  mucous  membrane  of  the  urinary  bladder  is  a favorite 
seat  of  a certain  variety  of  medullary,  and  perhaps,  in  some 
instances,  of  epithelial  cancer,  called  villous  cancer  by  Roki- 
tansky and  subsequent  anatomists,  from  its  peculiar  mode  of 
growth  in  fine  villous  processes,  which  make  it  resemble  the 
surface  of  a chorion.  On  the  exterior  of  these  villi,  the  ele- 
ments of  a medullary  or  melanotic  cancer -juice  adhere  to  it, 
consisting  of  nucleated  cells  of  various  shapes,  which  form  a 
soft,  or  a more  consistent  deposit,  and  are  often  present  in 
such  quantity,  that  they  make  up  the  greater  part  of  the 
morbid  mass  in  the  bladder,  into  which  then  the  vegetations 
seem  to  grow.1 

The  cancerous  matter,  according  to  Vogel,  appears  in  the 
urine  in  small  lumps  of  cells.  The  latter  may  be  large,  en- 
closing secondary  ones ; or  they  may  have  thick  walls,  and 
become  elongated  into  spindle-like  bodies.  The  urine  at  the 
same  time  mostly  contains  blood  and  coagula.  From  these 
and  the  collateral  symptoms,  the  diagnosis  of  this  disease 
offers  no  difficulties. 

When,  however,  the  appearance  of  cancerous  matter  is 
due  to  cancer  of  the  kidneys,  it  is  frequently  difficult  to 
form  a diagnosis. 

Of  tubercle,  and  consequent  phthisis,  of  the  kidneys,  I saw 
a remarkable  instance  some  years  ago,  when  paying  an  occa- 
sional visit  to  the  Brompton  Hospital.  It  was  there  secon- 
dary to  tuberculosis  of  the  lungs,  as  it  almost  always  is.  In 
these  cases,  the  deposit  consists  of  tubercular  matter,  irregu- 
lar pus-cells,  fragments  of  cells  and  their  nuclei,  granular 
indefinable  matter,  and,  more  rarely,  pieces  of  crystals  of 
cliolcsterine. 


' Paget  ‘ Surgical  Pathology,’  vol.  ii,  p.  513. 
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The  form  of  tuberculosis  which  most  frequently  gives  rise 
to  the  appearance  of  tubercular  matter  in  the  urine  is  that 
which  has  its  seat  in  the  mucous  membrane  of  the  urinary 
organs  generally,  and  hence  proceeds  to  deeper  structures. 
Tubercles  of  the  kidneys,  however,  may  primarily  form  in 
the  cortical  substance.  The  diagnosis  between  the  two  forms 
is  not  aided  by  the  microscopic  analysis  of  the  urinary 
deposit. 


CHAPTER  XXVI. 


ECHINOCOCCUS  IIOMINIS. 


There  are  several  cases  on  record,  in  which  cystic  entozoa 
have  been  passed  by  the  urethra.  They  are  formed  mostly,  it 
appears,  in  the  kidneys ; more  rarely  grown  in  other  parts  of 
or  adjacent  to  the  urinary  organs. 

The  cysts  vary  in  size,  from  a pin’s  head  to  an  inch  in 
diameter.  Their  external  surface  has  a semiopaque  granu- 
lar, or  smooth,  enamel-like  appearance.  In  shape,  they  arc 
more  or  less  globular;  sometimes  flattened,  at  other  times 
very  irregularly  formed;  sometimes,  particularly  the  large 
ones,  shrunken,  as  if  they  had  lost  a portion  of  their  fluid 
contents.  They  contain  a fluid  and  some  granular  matter,  in 
which  latter  fragments  of  echinococci  and  their  character- 
istic hooklets  may  he  mostly  detected.  The  walls  of  the 
evsts  are  made  up  of  several  layers  of  structureless  mem- 
brane ; the  innermost  covered  with  a layer  of  granular 
matter ; in  the  larger  cysts  with  numerous  prismatic,  feather- 
shaped, and  crossed  crystals  of  triple  phosphate.  (PI.  v,  fig.  1 .) 

The  echinococci  are  found  imbedded  in  the  granular 
matter  of  the  inner  surface,  from  which — the  coenurus — they 
are  grown,  and  to  which  they  sometimes  are  found  to  be 
attached.  But  as  the  cysts  met  with  in  the  urine  are  usually 
very  old,  the  echinococci  are  mostly  detached  from  their 
basis,  and  partly  or  entirely  disintegrated,  so  that  in  some 
cases  neither  echinococci  nor  hooklets  can  be  detected  by 
the  most  careful  examination.  Thus,  in  the  case  recorded 
by  Dr.  Sieveking,1  the  echinococci  had  become  disintegrated. 
In  the  case  related  by  Mr.  Simon,2  the  cysts  were  passed  en- 
tire, and  contained  swarms  of  perfect  echinococci  in  different 
stages  of  growth,  together  with  innumerable  hooklets  of 

1 ‘ Lancet,’  Sept.  10th,  1853. 

3 Ibid.,  Sept.  24th,  1853. 
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parasites,  dead  and  decomposed  at  some  earlier  period.  In 
the  case  published  by  Dr.  Barker,1  the  large  cysts  contained 
echinococci,  the  small  cysts  mostly  contained  none. 

The  echinococci  are  mostly  retracted,  more  rarely  stretched 
out  at  full  length.  (PI.  v,  fig.  2.) 

The  symptoms  incidental  to  the  discharge  of  these  cysts 
have  been  closely  described  by  all  observers.  When  the 
cysts  proceeded  from  the  kidneys,  there  was  dull,  aching 
pain,  accompanied  with  sensation  of  fulness  in  the  loins,  ob- 
struction in  the  ureter,  with  lancinating  pain  along  its 
course,  an  immediate  sense  of  relief  incident  upon  the  cyst 
finding  its  way  into  the  vesical  cavity ; lastly,  straining  at- 
tempts to  micturate,  pain  along  the  urethra,  and  particularly 
at  its  termination,  with  obstruction  to  the  flow  of  urine,  until 
the  emission  of  the  cyst  made  a sudden  end  to  the  distressing 
symptoms. 

In  the  case  communicated  to  Dr.  Barker,  by  Mr.  J.  J. 
Evans,  the  urine  was  opaque,  and  contained  flakes  of  mem- 
brane, fragments  of  cysts.  Such  membranes  were  also 
passed  in  Dr.  Sieveking’s  case. 

The  number  of  cysts  thus  passed  by  one  patient,  at  various 
periods,  stretching  over  many  years  (eight  in  the  case  of  Mr. 
Evans),  may  be  extraordinary,  exceeding  hundreds  at  a time, 
and  thousands  in  the  aggregate  of  all  discharges. 

There  can  be  no  difficulty  in  the  diagnosis  of  these  para- 
sites ; for,  even  if  the  echinococci  themselves  should  not  be 
found  in  the  cyst,  yet  the  pecidiarity  of  the  latter,  in  being 
composed  of  structureless  layers  of  a hyaline  or  opaque  sub- 
stance, the  produce  of  the  parasite,  will  distinguish  it  from 
all  membranous  matters  that  may  by  any  chance  pass  by  the 
urethra. 

1 * Glasgow  Med.  Journal,’  1856,  and  separate  pamphlet.  See  also  a report  in 
the  ‘Med.  Times  and  Gazette’  for  Feb.  17th,  1855,  where  about  ten  cases  of 
this  description  are  related. 


CHAPTER  XXVII. 


SPERMATIC  FILAMENTS,  OR  SPERMATOZOA. 


The  occasional  admixture  of  semen  with  the  urine  causes 
the  characteristic  filaments  to  appear  in  the  deposits  that 
may  be  examined  for  the  purpose,  or  for  some  other  object. 
The  admixture  with  urine  of  semen  in  any  quantity,  so  as  to 
form  a deposit  for  itself  and  to  make  the  urine  albuminous,' 
is  not  frequently,  if  ever,  met  with  in  disease.  In  health, 
this  may  occur  under  a variety  of  circumstances. 

In  the  urine  of  males,  the  presence  of  spermatic  filaments 
in  any  quantity  is  necessarily  the  consequence  of  an  emission 
of  semen,  which  leaves  some  residue  in  the  urethra,  to  be  re- 
moved by  the  first  urine  passing  the  canal  after  the  act. 
The  emission  itself,  however,  may  be  due  to  coition,  or  to 
spontaneous  sexual  excitement  diming  sleep.  Onanism  may 
lead  to  the  same  result,  and  hence  may  sometimes  be  disco- 
vered thereby. 

The  following  I give  upon  the  authority  of  Dr.  G.  Bird  : 
A certainly  not  unfrequent  cause  of  the  escape  of  semen  is 
extreme  constipation ; for  after  the  passage  of  hard  and  scy- 
balous fteces,  an  oozing  of  fluid  from  the  urethra,  full  of 
spermatozoa,  is  not  uncommon. 

Excluding  the  habitual  emissions  during  sleep  of  persons 
affected  with  spinal  disease,  an  ailment  called  spermatorrhoea 
has  no  existence.  The  few  honest  practitioners  who  believe 
in  the  existence  of  such  a disease,  are  the  credulous  victims 
of  onanists,  who  find  it  a strange  satisfaction  to  seek  relief 
and  undergo  all  sorts  of  treatment  for  a supposed  ailment, 
the  continued  cause  of  which  they  themselves  knowingly  are. 
I will  exempt  some  cases,  in  which  the  victims  of  this  vice 

1 ‘ Verhandl.  d.  Phys.  Med.  Ges.  in  Wurzburg,’ Bd.  vi,  1855.  ‘Microscop. 
Journ.,’  No.  12,  July,  1855,  where  several  German  Papers  on  Spermatic  Fila- 
ments are  given  in  extract. 
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think  that  medical  treatment  might  heal  them  of  their  bodily 
passion,  as  they  erroneously  believe  it  to  be.  I make  this 
statement  in  consequence  of  the  confession  of  a young  man, 
Avhich  he  made  to  me  and  the  clergyman  in  the  lioui’  of  his 
death.  This  confession  opened  my  eyes  regarding  these 
cases ; and  I have  since  that  painful  experience  seen  several 
cases,  in  which  the  complaints  of  spermatorrhoea  and  nightly 
involuntary  emissions,  on  close  examination,  resolved  itself 
into  a continuance  of  guilty  acts  of  the  individual. 

When  found  in  the  urine  of  women,  where  there  is  no 
possibility  or  probability  of  a fraudulent  admixture,  the 
spermatic  filaments  are  evidence  that  coition  has  taken  place. 
In  medico-legal  inquiries,  the  discovery  of  spermatozoa  may 
sometimes  lead  to  the  disclosure  of  crime  or  vice. 

Dr.  Lionel  Beale  states,  that  the  urine  should  be  examined 
for  spermatozoa  as  soon  as  possible  after  it  has  been  passed, 
as  they  very  rapidly  become  destroyed  (1.  c.,  p.  205). 
According  to  Dr.  G.  Bird,  however,  urine,  beyond  making 
the  filaments  quiescent,  exerts  no  further  action  upon  them, 
as  they  may  be  detected,  scarcely  changed,  even  after  it  has 
become  ammoniacal  (p.  359).  Neubauer  (p.  77)  makes  a 
similar  assertion.  The  truth  seems  to  be  that  the  spermatic 
filaments  are  differently  affected  by  different  fluids;  thus, 
in  faintly  alkaline  or  neutral  urine  they  retain  their  motility 
much  longer,  but  in  acid  or  strongly  ammoniacal  urine  they 
quickly  become  quiescent.  (Kolliker.)  In  urine  containing 
pus,  they  retain  their  motility  much  longer,  most  probably 
because  it  is  alkaline,  as  alkaline  fluids,  particularly  caustic 
alkalies,  are  special  excitants  of  the  spermatic  filaments,  and 
may  revive  their  peculiar  motions  almost  under  all  circum- 
stances, which  may  be  more  particularly  seen  in  the  papers 
quoted  on  p.  269.  From  the  experiments  there  detailed,  it 
appears  that  the  spermatozoa  are  very  tough,  and  by  no  means 
easily  destroyed. 

When  few  spermatozoa  are  to  be  detected,  the  urine  must 
be  allowed  to  repose  in  a conical  glass  vessel ; the  deposit  is 
then  removed  from  the  bottom  by  means  of  an  India-rubber 
pipette,  brought  into  a cell,  and  examined  under  a power  of 
from  300  to  400  diam. 


CHAPTER  XXVIII. 


BILE  AND  BILIARY  MATTERS  IN  URINE. 


Human  bile,1  as  met  with  in  the  gall-bladder,  is  a yellow, 
greenish,  or  brown  fluid,  of  a consistence  imparted  to  it  by 
the  admixture  of  a gelatinous  mucus,  of  faintly  alkaline  re- 
action, and  of  bitter  taste.  It  consists  of  nine  tenths  of 
water ; the  amount  of  solids  being  only  one  tenth.  The  solids 
are  made  up  of  fatty  matters  (glycerides),  containing  oleic, 
margaric,  and  stearic  acids ; an  indifferent  crystallizable 
matter  (probably  an  alcohol),  cliolesterine,  and  one  or  several 
colouring  matters,  biliverdine  and  bilifulvine ; the  main  con- 
stituents, however,  are  the  salts,  with  alkalies,  of  two  nitro- 
genized  organic  acids — cholic  and  cholinic. 

When  bile  is  evaporated  to  dryness  and  treated  witli 
absolute  alcohol,  the  latter  takes  up  the  principal  constituents, 
with  the  exception  of  mucus  and  the  greater  proportion  of 
inorganic  salts.  The  solution  is  then  digested  with  animal 
charcoal,  which  removes  the  colouring  matters.  The  addition 
of  ether  to  the  clear  filtrate  now  produces  a tough  amorphous 
precipitate,  which,  on  standing  for  a longer  period  in  a still 
place,  at  a low  temperature,  which  must  be  produced  arti- 
ficially in  summer,  is  transformed  into  crystalline  groups  of 
needles.  These  crystals  are  a mixture  of  the  salts  of  cholic 
and  cholinic  acids.  They  may  be  separated  and  freed  from 
their  bases  by  adding  dilute  sulphuric  acid  to  their  watery 
solution ; cholic  acid  is  precipitated  in  a crystalline  state, 
cholinic  acid  remaining  in  solution. 


1 In  the  chemical  description  of  bile,  I have  closely  followed  Dr.  A.  Strecker, 
‘Lehrb.  d.  organ.  Chemie,'  p.369,  a short  and  most  original  account  of  this 
secretion. 
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Cholic  or  Glycocholic  Acid. 

Elements  : HO.  C52H42NOn. 

Cholic  acid  forms  colourless  hair-fine  needles,  which  are  at 
first  voluminous,  and  on  drying  shrink  together,  so  as  to 
form  a paper-like  mass,  glistening  like  silk.  It  is  very  little 
soluble  in  cold  water,  more  in  boiling  water ; easily  soluble  in 
alcohol ; little  soluble  in  ether.  It  has  a faintly  acid  reaction, 
and  a sweet  taste.  It  melts  at  a higher  temperature  and  is 
decomposed,  evolving  at  the  same  time  a peculiar  odour. 
When  warmed  with  sulphuric  acid  and  sugar,  it  yields  a fluid 
of  an  intensely  violet  colour. 

The  salts  of  cholic  acid  with  bases  have  a neutral  reaction. 
The  salts  with  alkalies  and  alkaline  earths  are  easily  soluble 
in  water  and  alcohol,  but  insoluble  in  concentrated  solutions 
of  hydrated  caustic  alkalies  or  salts  of  alkalies.  The  salts 
with  the  oxydes  of  heavy  metals  are  mostly  insoluble  in  water. 
They  do  not  crystallize  from  their  solutions,  if  they  are  eva- 
porated ; but  the  addition  of  ether  will  usually  transform 
them  into  crystals. 

Cholate  of  lead  (PbO.  C^H^NO,^  maybe  obtained  when 
bile,  previously  discoloured  by  means  of  animal  charcoal,  is 
precipitated  by  acetate  of  lead.  The  colourless  salt  may  be 
decomposed  by  liydrothion  (sulphuretted  hydrogen),  and  cholic 
acid  obtained  pure  by  evaporation. 

Decompositions. — Cholic  acid  is  soluble  in  concentrated 
sulphuric  acid  without  discoloration ; and  on  raising  the 
temperature  of  the  solution  an  amorphous  precipitate  forms, 
wrhich  is  insoluble  in  water,  and  easily  soluble  in  alcohol.  It 
is  a product  of  the  decomposition  of  cholic  acid,  and  is 
termed  cholonic  acid.  It  forms  a salt  with  barvta,  which  is 
insoluble  in  water.  It  contains  two  equivalents  of  water  less 
than  cholic  acid,  its  composition  being  C52H4]NO10. 

When  cholic  acid  is  boiled  with  dilute  hydrochloric  or 
sulphuric  acid,  it  separates  into  glycocoll,  C4H5N04,  and  an 
acid  free  from  nitrogen — clioloidinic  acid,  of  the  composition 

Q48H39O9. 

C52H43'N012  + HO  = C4H5N04. 

Cholic  acid.  Choloidinic  acid.  Glycocoll. 


Clioloidinic  acid  is  an  amorphous,  colourless,  resinous  sub- 
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stance,  which  melts  easily,  is  not  soluble  in  water,  easily 
soluble  in  alcohol,  less  soluble  in  ether.  It  has  an  acid  re- 
action ; and  with  all  bases,  except  the  alkalies,  forms  salts, 
which  are  insoluble  in  water. 

When  choloidinic  acid  is  heated  for  some  length  of  time 
with  hydrochloric  acid,  it  changes  its  properties.  It  melts 
less  easily,  becomes  insoluble  in  alcohol  and  alkalies,  but 
more  easily  soluble  in  ether.  The  substance  thus  modified  is 
called  dyslysine — C^H^Og.  It  differs  from  choloidinic  acid  in 
containing  three  equivalents  of  water  less  than  this  acid.  It 
can  also  be  obtained  by  heating  choloidinic  acid  to  200°  C. 
(392°  F.) 

Cholic  acid  is  also  decomposed  under  the  influence  of 
caustic  alkalies  and  alkaline  earths.  If  a strong  solution  of 
hydrate  of  baryta  is  boiled  with  cholic  acid,  the  latter  be- 
comes broken  up  into  glycocoll  and  an  acid  free  from  nitrogen, 
called  cholalic  acid — C^O 

10- 

CJI^NO,,  + 2HO  = C4gH40O10  + C4H5NQ4. 

Cholic  acid.  Cholalic  acid.  Glycocoll. 


Cholalic  acid,  which  differs  from  choloidinic  acid  in  con- 
taining one  more  equivalent  of  water,  crystallizes  from  alcohol 
in  octahedra  and  tetrahedra  belonging  to  the  quadratic  sys- 
tem. The  crystals  contain  five  equivalents  of  water  of  crys- 
tallization, are  colourless,  reflect  the  light  like  glass,  and  are 
very  frangible.  Under  the  influence  of  dry  air  they  lose 
water  and  become  opaque.  They  taste  bitter  and  sweet  at 
the  same  time ; they  are  easily  soluble  in  boiling  alcohol,  less 
soluble  in  cold  alcohol ; they  are  soluble  in  27  parts  of  ether, 
insoluble  in  water. 

The  salts  of  cholalic  acid  with  the  alkalies  are  easily 
soluble  and  crystallizable ; those  with  the  earthy  alkalies 
are  little  soluble ; and  those  with  the  other  oxydes  mostly 
insoluble. 

The  composition  of  cholic  acid  corresponds  with  that  of 
hippuric  acid.  It  may  be  considered  as  a copulation  of  cho- 
lalic acid  with  glycocoll. 


Cholinic  or  Taurocholic  Acid.  Cv,H45N014S2. 

When  cholic  acid  is  precipitated  by  dilute  sulphuric  acid 
from  the  solution  of  bile,  cholinic  acid  remains  in  solution.  It 

18 
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is  best  isolated  from  bile  in  the  following  manner.  Fresh  bile 
is  treated  with  neutral  acetate  of  lead,  which  precipitates 
colouring  matter,  mucus,  and  cliolate  of  lead.  By  the  addi- 
tion of  a little  basic  acetate  of  lead,  the  cholic  acid  is  more 
completely  precipitated.  Cholinic  acid  is  now  precipitated 
from  the  filtrate  by  basic  acetate  of  lead  and  ammonia.  The 
precipitate,  after  decomposition  by  hydrotliion  (sulphuretted 
hydrogen),  yields  uncombined  cholinic  acid.  It  has  an  acid 
reaction,  a bitter  and  sweet  taste  ; when  the  solution  is  eva- 
porated, it  decomposes,  so  that  the  residue  becomes  partially 
insoluble.  It  is  less  changeable  when  in  combination  with 
alkalies ; and  the  solution  of  such  salts  may  be  evaporated  at 
a boiling  heat.  The  watery  solutions  of  these  salts  froth 
like  soap-water ; no  metallic  salt  forms  a precipitate  with 
them — the  sole  exception  being  basic  acetate  of  lead,  and  even 
that  does  not  precipitate  the  whole  of  the  acid. 

When  treated  with  caustic  alkalies,  cholinic  acid  is 
decomposed;  cholalic  acid  and  taurine  being  the  products. 

C52H45N014S2  + 2HO  = + C4H-N06s2. 

V V ^ V 

Cholinic  acid.  Cholalic  acid.  Taurine. 

Cholinic  acid,  therefore,  has  a constitution  analogous  to  that 
of  cholic  acid ; the  difference  consisting  in  the  replacement 
of  gly cocoll  by  taurine. 

Taurine,  C H7N06S2,  may  be  easily  obtained  from  bile  by 
boiling  it  with  hydrochloric  acid  for  some  length  of  time.  The 
fluid  is  filtered  from  the  precipitate  of  dyslysine,  evaporated, 
and  mixed  with  spirits  of  wine,  whereby  taurine  is  precipi- 
tated ; chloride  of  sodium  and  hydroclilorate  of  glycocoll 
remaining  in  solution.  Taurine  crystallizes  in  large  mono- 
clinometric  prisms ; they  are  colourless,  transparent,  little 
soluble  in  cold,  easily  soluble  in  hot  water,  insoluble  in 
alcohol  and  ether.  No  other  combinations  of  this  body  are 
known ; but  a key  to  its  composition  has  lately  been  obtained 
by  Strecker,  who  succeeded  in  producing  it  artificially,  simply 
by  exposing  isiethionate  of  ammonia  to  a temperature  of 
220°  C.  (428°  F.)  The  loss  of  two  equivalents  of  water 
transforms  this  salt  into  taurine. 


C4H9S2NQ8  — 2HO  = C4H7S2N06. 

Isaethionate  of  Ammonia.  Taurine. 
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If  we  compare  with  this  result  the  experiment  of  the  de- 
composition of  taurine  by  fusion  with  hydrate  of  potash, 
where  ammonia  and  hydrogen  are  evolved,  sulphurous 
and  acetic  acids  remaining  in  combination  with  potash, 
wre  have  a most  remarkable  instance  of  the  arrangement  of 
elements  round  certain  nuclei  or  radicals.  The  formula  of  the 
decomposition  of  taurine  by  potash  is 


C4H7NO(.S2  + 3KO  + HO  = 

Taurine. 

KO.  C4H303  + 2(KO.  S02)  + NH3+  2H. 

Acetic  acid. 


Issethionate  of  ammonia  is 

NH40.  C4H50.  2S03  = (C4H9N08S2). 

Oxyde  of  iEthyl. 


We  find  the  oxyde  of  sethyl  oxydized  at  the  expense  of  the 
oxygen  of  water  and  sulphuric  acid,  the  radical  acetyl  C4H., 
being  formed  from  the  radical  sethyl.  Two  equivalents  of 
hydrogen  are  thereby  displaced,  and  finding  all  the  available 
oxygen  taken  up  by  the  oxydation  of  acetyl  (to  the  hydrate 
of  its  oxyde,  or  aldehyde,  lastly  to  its  acid),  go  away  uncom- 
bined. Tw  o equivalents  of  oxygen  from  the  two  equivalents  of 
sulphuric  acid  unite  with  the  oxyde  of  acetyl,  C41I  ,0,  form- 
ing acid  of  acetyl,  or  acetic  acid,  C4H303,  which  remains  in 
combination  with  the  alkali. 


Colouring  matter  of  Bile? 

The  nature  of  the  colouring  matter  of  bile  is  very  little 
known.  It  may  be  removed  from  its  solution  by  animal 
charcoal.  The  alkaline  solution  of  ox-bile  is  precipitated  by 
means  of  baryta-water,  or  chloride  of  barium,  as  long  as  the 
precipitate  has  a purely  green  colour ; the  precipitate  is  then 
decomposed  by  means  of  hydrochloric  acid,  the  fatty  acids 
are  removed  by  means  of  a little  ether.  A substance  re- 
mains, which  has  been  termed  biliverdine,  and  is  somewhat 
analogous  to  chlorophyll.  When  heated  with  nitric  acid, 


1 Strrcker,  loc.  cit.,  p.  376. 
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it  becomes  successively  blue,  violet,  and  red.  This  test  is  to 
a certain  degree  characteristic.  When  the  alcoholic  solution 
of  bile  is  exposed  to  the  influence  of  atmospheric  air,  the 
green  colouring  matter  is  transformed  into  a red  one,  which 
has  a great  similarity  to  the  red  colouring  matter  of  blood. 

When  the  inspissated  residue  of  ox-bile  is  extracted  with 
alcohol,  there  remains,  beside  mucus,  a brown  colouring 
matter,  which  is  soluble  in  warm  dilute  spirits  of  wine,  and  is 
precipitated  from  this  solution  by  alcohol.  When  dried,  this 
body  becomes  of  a bright,  burning  yellow  colour,  and  hence 
has  been  termed  bilifulvine.  It  is  easily  soluble  in  water,  on 
combustion  leaves  carbonate  of  soda  and  lime,  and  for  this 
reason  appears  to  be  the  salt  of  an  organic  acid. 


Diagnosis  of  Biliary  matters  in  Urine. 

It  is  not  probable  that  biliary  matters  should  occur  in 
urine  unaccompanied  by  colouring  matter,  though  the  latter 
frequently  occurs  unaccompanied  by  any  of  the  acids  or  their 
salts.  The  brown,  yellowish  or  reddish-brown  colour  of 
urine  will  therefore  generally  lead  to  a suspicion  of  the  pre- 
sence of  biliary  matters : the  diagnosis  may  be  positively 
r the  necessary  tests. 

The  best  and  simplest  test  for  biliverdine  is  the  following. 
A thin  layer  of  the  urine  to  be  tested  is  spread  over  a white 
china  plate,  and  a drop  of  nitric  acid,  containing  some 
nitrous  acid,  is  placed  in  the  centre  of  the  circle.  If  biliver- 
dine be  present,  the  margin  of  the  drop  of  nitric  acid  will 
cause  a blue  colour  to  appear  in  the  next  circle  of  urine ; the 
blue  circle  enlarges  towards  the  circumference  of  the  plate, 
and  the  circle  next  to  the  drop  of  nitric  acid  assumes  a violet 
colour.  The  blue  and  violet  circles  expand,  and  an  inner  red 
circle  appears.  The  test  is  now  completed.  The  discolora- 
tions to  yelloAV  and  brown  which  follow  are  neither  constant 
nor  characteristic. 

Most  precipitates  from  bilious  urine  are  strongly  coloured. 
But  to  use  the  coloration  of  albumen,  for  example,  as  a test 
for  biliverdine,  possesses  no  advantage  over  the  nitric  acid 
colour-test;  as,  wdiere  the  amount  of  colouring  matter  is  so 
small  as  not  to  be  indicated  by  the  colour-test,  it  possesses 
no  practical  significance. 

Both  cholic  and  cliolinic  acids  have  been  observed  in  the 
urine  in  a few  instances.  But  they  have  been  sought  after 
so  very  seldom,  that  it  cannot  at  present  be  said  whether  their 
occurrence  is  actually  rare.  Evidence  of  their  presence  is 
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obtained  in  the  following  manner.1  The  urine  is  evaporated 
almost  to  dryness,  and  the  residue  extracted  with  alcohol. 
The  alcoholic  solution  is  again  evaporated ; the  residue  is 
dissolved  in  a little  water,  and  placed  in  a white  Berlin 
china  dish  floating  on  cold  water.  A few  drops  of  a solution 
of  sugar  are  now  intimately  mixed  with  the  solution  in  the 
china  dish  ; and  to  this  mixture  concentrated  sulphuric  acid 
is  added  in  drops.  When  biliary  acids  are  present,  the  solu- 
tion at  first  becomes  a little  turbid,  then  clears,  becomes  then 
of  a pale  cherry  red,  then  pink,  crimson,  and  at  last  of  a 
saturated  purple  violet.  Of  course  the  intensity  of  these 
colours  depends  upon  the  quantity  of  biliary  acids  present, 
and  upon  the  care  which  is  bestowed  upon  keeping  the  tem- 
perature of  the  mixture  as  low  as  possible  during  and  after 
the  addition  of  sulphuric  acid.  This  reaction  bearing,  from 
its  discoverer,  the  name  of  Pettenkofer’s  test,  is  due  to  the 
presence  of  cholalic  acid,  as  neither  taurine  nor  glycocoll 
exhibit  it  when  isolated. 

Pathological  indications. 

The  occurrence  of  the  colouring  matter  of  bile  in  the  urine 
indicates  that  the  flow  of  bile  from  the  liver  into  the  intes- 
tinal canal  is  impeded  or  entirely  suspended.  By  absorption 
the  colouring  matter  of  bile  enters  the  blood,  and  hence 
passes  into  all  the  secretions  and  tissues.  Icterus,  as  this 
state  of  things  has  been  termed,  is  as  easily  diagnosed  by  the 
coloured  tissues  and  colourless  fieces,  as  from  the  brown 
urine,  and  its  reaction  with  nitric  acid. 

There  is,  however,  a certain  dissolution  of  the  blood  conse- 
quent upon  or  part  of  the  pathological  process  of  pyaemia, 
which  produces  the  green  or  yellow  icteric  colour  of  the 
skin  and  tissues,  without  being  accompanied  by  retention  of 
bile ; as  the  frequent  fluid  evacuations  contain  abundance  of 
green  colouring  matter,  and  the  dark-red  or  brown  urine  does 
not  show  the  colour-test  with  nitric  acid.  The  analysis  of 
the  urine  distinguishes  these  cases  from  time  icterus. 

In  yellow  fever  the  urine  is  very  rarely  impregnated  with 
biliary  colouring  matter. 

The  occurrence  of  cholic  and  cholinic  acids  in  the  urine 
indicates  that  these  substances,  after  their  secretion  by  the 
liver  and  resorption  into  the  blood  and  chyle,  have  not 
undergone  those  changes,  at  present  unknown,  to  which 
under  ordinary  circumstances  they  are  subjected  in  the  blood 

' See  also  Lehmann,  ‘ Physiol.  Chemie,’  vol.  ii,  p.  209. 
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or  tissues.  The  appearance  of  these  acids  in  the  urine  would 
therefore  indicate  either  the  existence  of  an  abnormal  process 
in  the  blood,  preventing  the  normal  consumption  of  biliary 
acids,  the  liver  continuing  materially  sound  and  secreting 
the  ordinary  bile ; or  it  would  indicate  an  excessive  activity 
of  the  liver,  by  which  more  biliary  acids  are  secreted  than 
the  blood  and  tissues  can  disintegrate,  in  consequence 
of  which  a part  passes  into  the  urine.  The  experiments 
of  Frerichs1  seem  to  show  that  a very  large  excess  of 
cholates  and  cholinates  in  the  blood  would  be  required  to 
make  them  appear  in  the  urine.  For  when  large  quantities 
of  filtered  bile  were  injected  into  the  veins  of  dogs,  the  bile 
disappeared  in  the  blood  without  leaving  traces  anywhere, 
and  without  causing  symptoms.  In  one  case  only,  where  a 
large  quantity  of  a concentrated  solution  of  pure  cholate  and 
cholinate  of  soda  had  been  injected,  a part  of  it  could  be 
discovered  in  the  urine. 


5 ‘ Wien.  Med.  Wochenschrift,’  iv,  No.  30. 
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LEUCINE. 

The  elementary  composition  of  leucine  is  expressed  in  the 
formula  C12H1;(N04.  It  is  homologous  with  glycocine  or 
gly cocoll  and  alanine,  and  has  the  same  relation  to  valerianic 
acid  and  its  aldehyde,  as  they  have  to  formic  and  acetic  acids 
and  their  aldehydes.  When  leucine  is  heated  with  potash,  or 
allowed  to  putrefy,  it  yields  up  valerianic  acid  and  some  other 
products. 

Leucine  appears  to  he  so  frequent  a product  of  diseased 
action  in  the  human  body,  that  I have  thought  it  necessary  to 
enter  fully  into  the  description  of  all  its  properties. 

It  was  first  (1818)  discovered  in  rotten  cheese  by  Proust,1 
who  named  it  oxyde  of  cheese.  Braconnot,2  in  1820,  ob- 
tained leucine  as  the  product  of  decomposition  of  animal 
matter  by  oil  of  vitriol.  The  identity  of  oxyde  of  cheese  and 
leucine  was  recognised  by  Mulder,3  in  1838. 

It  has  since  been  ascertained  by  a series  of  observers  to  be 
an  almost  constant  product  of  the  treatment,  by  concen- 
trated or  dilute  sulphuric  acid,  and  by  caustic  alkalies, 
of  albumen,  fibrine,  caseine,  muscle,  glue,  gluten,  legu- 
men,  wool,  and  horn ; it  is  also  produced  by  the  putre- 
faction of  these  substances,  mostly  together  with  some 
glycocine. 

Frerichs  and  St'cideler4  have  proved  the  occurrence  of 
leucine  and  tyrosine  in  certain  pathological  conditions  of  the 
organism,  such  as  typhus,  and  exanthematic  fevers,  as  variola. 

1 1 Ann.  de  Cliim.  et  de  Phys.,’  x,  p.  40. 

3 Ibid.,  xiii,  p.  119. 

3 ‘ Journ.  fur  Pract.  Chem..’  xvi,  p.  290 ; xvii,  p.  57. 

4 ‘ Wien.  Med.  Wochensclir.,’ iv,  No.  30.  Muller’s  ‘ Archiv,’  1854,  p.387. 
Pharm.  Centralbl.,’  1854,  p.  861. 
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These  substances  were  found  in  the  urine,  blood,  and  bile  of 
the  patients.  In  the  urine  the  leucine  seemed  to  have  been 
partly  transformed  into  valerianate  of  ammonia.  The  liver 
seems  to  be  the  organ  in  which  leucine  is  formed  during 
life,  and  where  it  is  found  most  abundantly  after  the  death  of 
such  patients.  In  the  liver  of  healthy  human  subjects 
and  of  animals  Frerichs  and  Stadeler  could  not  find  any 
leucine.  In  a case  of  acute  atrophy  of  the  liver,  these 
observers  found  the  finer  branches  of  the  hepatic  veins 
filled  with  zeolithic  efflorescences,  and  firm  yellowish-gray 
strings  of  matter  containing  crystals  in  the  shape  of  balls 
with  a radiary  arrangement,  and  bundles  and  sheaves  of 
needles.  The  balls  were  proved  to  be  leucine  by  an  ele- 
mentary analysis ; and  the  needles  were  tyrosine,  forming  a 
combination  with  sulphuric  acid,  and  this  combination 
forming  salts  with  bases. 

Leucine  has  been  detected  in  the  liver  of  the  calf.1  Dr. 
A.  Cloetta2  found  it  in  the  tissue  of  the  lungs  of  the  ox, 
together  with  inosite,  uric  acid,  and  taurine. 

I found  leucine  in  the  urine  of  a man  whose  liver  yielded 
a large  amount  of  it.  Goessmann  found  leucine  in  the  char- 
coal, which  is  left  in  the  retort  when  the  residue  from  the 
evaporation  of  urine  is  subjected  to  dry  distillation. 

There  is  at  present  no  very  characteristic  test  for  leucine  ; 
its  diagnosis  in  urine,  therefore,  mainly  depends  upon  the 
exclusion  of  all  known  normal  and  abnormal  ingredients  of 
that  fluid,  and  upon  the  coincidence  of  several  or  all  of  the 
tests  of  leucine. 


Production  of  Leucine. 

According  to  Braconnot,  leucine  is  obtained  in  the  fol- 
lowing manner.  A piece  of  beef  is  chopped,  washed  with 
water,  and  subjected  to  strong  pressure;  the  dry  residue  is 
warmed  gently  with  its  equal  weight  of  sulphuric  acid,  until 
complete  solution  has  taken  place.  After  cooling,  the  fat 
collected  on  the  surface  is  removed,  and  the  solution  is  mixed 
with  a quantity  of  water,  amounting  to  three  and  a half  times 
the  weight  of  the  meat  originally  employed.  The  mixture  is 
kept  boiling  during  nine  hours,  the  water  which  evaporates 
being  replaced  from  time  to  time.  The  sulphuric  acid  is  then 
removed  by  carbonate  of  lime,  the  filtrate  is  evaporated  to  the 

1 Gregory’s  ‘ Handbook  of  Organ.  Ckem.,’  1852,  p.  422. 

s ‘Verhandl.  d.  Naturf.  Gesellschaft  zu  Zurich/ Bd.  iv.  ‘ Journ.  fur  Pract. 
Chem.,’  lxvi,  p.  211,  1855. 


LEUCINE. 


281 


consistence  of  a syrup,  and  the  latter  is  repeatedly  extracted 
by  boiling  alcohol.  From  this  alcoholic  solution  leucine  in  a 
crystalline  form  is  obtained  by  evaporation ; the  product  of 
impure  leucine  amounts  to  about  one  thirtieth  part  of  the 
muscular  fibre  used.  It  yet  contains  some  animal  matter, 
which  may  be  precipitated  from  the  watery  solution  by 
tannic  acid.  According  to  Mulder,  it  also  contains  some 
glycocine. 

Ilinterberger1  adopts  the  following  proceeding.  One  part  of 
horn  turnings  and  filings  is  mixed  with  four  parts  of  sul- 
phuric acid  and  twelve  parts  of  water,  and  boiled  during 
thirty-six  hours,  the  water  being  replaced  from  time  to  time. 
The  sulphuric  acid  is  next  removed  by  an  excess  of  milk  of 
lime ; the  fluid  with  the  precipitate  is  boiled  for  twenty-four 
hours  longer,  and  strained.  The  filtrate  is  neutralized  by  means 
of  sulphuric  acid,  and  filtered  again ; acetate  of  lead  is  now 
added  until  all  sulphuric  acid  is  removed.  The  excess  of  lead 
is  removed  by  means  of  sulphuretted  hydrogen,  and  the  fluid 
is  boiled  with  the  sulphuret  of  lead.  On  filtering  (which 
should  be  done  when  the  fluid  is  cold,  and  has  again  been 
saturated  with  sulphuretted  hydrogen,  Tli.),  a scarcely 
coloured  fluid  is  obtained,  from  which,  on  concentration, 
tyrosine  crystallizes.  From  the  mother-liquor  leucine  is 
obtained  (mixed  writli  a great  deal  of  acetate  of  lime,  from 
which  it  must  be  separated  by  extraction  with  boiling  al- 
cohol. Th.)  It  may  be  further  decolorized  by  treating  it 
with  hydrated  oxyde  of  lead,  sulphuretted  hydrogen,  and 
animal  charcoal. 

Zollikofer2 3  found  that  the  elastic  tissue  of  the  animal  body 
yields  leucine  as  the  sole  crystalline  product  of  decomposition 
by  sulphuric  acid.  The  nuchal  ligament  of  horses  or  of  oxen 
is  particularly  suitable.  It  is  first  freed  from  fat  and  fibrous 
(cellular)  tissue  by  mechanical  means,  and  then  (Goessmann’s 
improved  proceeding)  dissolved  in  its  equal  weight  of  con- 
centrated sulphuric  acid  at  the  ordinary  temperature  of  the 
air.  This  solution  is  then  mixed  with  its  own  bulk  of  water, 
and  boiled  from  ten  to  twelve  hours,  during  which  time  the 
loss  of  water  by  evaporation  is  being  frequently  made  up. 
After  cooling,  and  removal  of  the  fat  floating  on  the  surface, 
the  solution  is  diluted  and  neutralized  by  milk  of  lime.  The 
excess  of  lime  is  precipitated  by  carbonic  acid,  and  the  filtrate 
is  evaporated,  when  leucine  crystallizes.  It  is  taken  up  with 

1 (1849)  ‘Ann.  d.  Chem.  und  Pharm.,’  lxxi,  p.  70.  ‘ Pharm.  Centralbl.,’ 

1850,  p.  213.  Liebig  and  Kopp’s  ‘ Jahresber.,’  1849,  p.  502. 

3 (1852)  ‘Ann.  d.  Chem.  und  Pharm.,’  lxxxii,  p.  162.  Liebig  and  Kopp’s 
‘ Jahresber.,’  1852,  p.  696. 
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boiling  alcohol ; its  watery  solution  may  be  further  de- 
colorized by  animal  charcoal. 

Method  of  Bopp } — One  part  of  dry  powdered  albumen, 
ti  brine,  or  caseine,  free  from  fat,  is  mixed  with  one  part  of 
caustic  potash,  Avhile  fusing  on  the  fire  in  an  iron  pot,  of 
about  twenty-five  times  the  capacity  of  space  taken  up  by  the 
quantities  of  albuminous  matter  and  potash.  The  mixture 
froths  up,  by  the  evolution  of  hydrogen  and  ammonia ; and 
after  half  an  hour,  when  the  brown  colour  of  the  mixture  has 
passed  into  yellow,  water  is  cautiously  added,  the  alkali  is 
neutralized  with  acetic  acid,  and  the  fluid  filtered  while  hot. 
The  filtrate  on  cooling  deposits  groups  of  needles  of  tyrosine. 
(In  case  the  operation  has  well  succeeded,  these  crystals  fill 
the  entire  filtrate,  but  their  amount  is  the  smaller,  the  longer 
the  melting  process  has  been  continued.)  The  fluid  decanted 
from  these  crystals  is  then  again  evaporated,  until  a crys- 
talline pellicle  begins  to  form  on  its  surface;  it  is  then 
allowed  to  repose  for  twenty-four  hours,  and  is  then  extracted 
with  alcohol,  which  leaves  a residue  consisting  of  leucine  and 
some  tyrosine.  A certain  quantity  of  leucine  remains  in 
solution  in  the  alcohol ; to  this  solution  sulphuric  acid 
diluted  with  alcohol  is  now  added  as  long  as  sulphate  of 
potash  is  thereby  precipitated.  From  the  filtrate  the  alcohol 
is  evaporated,  the  sulphuric  acid  removed  by  acetate  of  lead, 
and  the  excess  of  lead  precipitated  by  sulphuretted  hydrogen ; 
the  filtrate  on  evaporation  now  yields  crystals  of  leucine,  and 
an  uncrystallizable  syrup,  the  quantity  of  which  is  the  smaller, 
the  longer  the  melting  process  has  been  continued.  In  order 
to  free  the  leucine  from  tyrosine  and  a peculiar  colouring 
matter,  it  is  dissolved  in  such  a quantity  of  hot  water,  that 
on  cooling  only  little  leucine  crystallizes,  together  with  most 
of  the  tyrosine;  the  mother-liquor  is  digested  with  hydrated 
oxyde  of  lead,  which  removes  the  colouring  matter  and  some 
leucine ; the  filtrate  is  treated  with  sulphuretted  hydrogen, 
and,  being  now  of  a faint-yellowish  hue,  is  evaporated  in  a 
balloon  until  a crystalline  pellicle  begins  to  form  on  the 
surface,  when,  on  cooling,  leucine  crystallizes,  which  may 
be  further  purified  by  washing  with  cold  water  and  spirits 
of  wine,  and  by  treating  it  with  animal  charcoal  and  re- 
crvstallizing'  it. 

If  it  is  intended  to  have  leucine  alone,  the  mixture  of  the 
albuminous  substance  with  potash  requires  only  to  be  heated 
until  the  strongest  frothing  up  has  passed  ; the  same  quantity 
of  leucine  is  then  formed,  but  no  tyrosine. 


1 ‘ Ann.  der  Clietn.  und  Pharm.,’  lxix,  p.  20. 
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As  a product  of  putrefaction,  leucine  may  be  obtained  by 
allowing  one  part  of  cheese,  flesh,  or  albumen,  with  fifty 
parts  of  water,  to  decompose  at  a temperature  somewhat 
above  20°  C.  (68°  F.),  for  about  six  weeks.  The  dirty  fluid 
is  then  boiled  with  milk  of  lime ; the  lime  is  precipitated 
by  a slight  excess  of  sulphuric  acid;  the  filtrate  is  evaporated, 
and  precipitated  with  acetate  of  lead  ; the  filtrate  from  this  is 
evaporated  to  a syrupy  consistence ; and  the  leucine  which 
now  crystallizes  is  freed  mechanically  and  by  the  assistance 
of  alcohol  from  the  syrup;  it  is  then  dissolved  in  water,  treated 
with  sulphuretted  hydrogen,  and  is  obtained  pure  by  crystal- 
lization from  alcohol  and  water. 

When  the  solution,  at  the  stage  where  it  contains  gypsum 
and  a slight  excess  of  sulphuric  acid,  is  evaporated  slowly  in 
an  open  china  dish,  the  gypsum  crystallizing  acts  as  a very 
potent  decolorizer.  From  the  crystalline  and  black  sediment 
of  gypsum  the  fluid  may  be  poured  off  while  hot.  The  de- 
canted fluid  should  then  be  evaporated  to  dryness  and  ex- 
tracted with  alcohol,  whereby  a solution  is  obtained  which 
contains  no  lime,  and  may  easily  be  freed  from  sulphuric  acid 
bv  acetate  of  lead.  Another  mode  of  removing  the  lime  and 
sulphuric  acid  is  by  treating  the  decanted  solution  with  oxalic 
acid,  until  no  more  precipitate  of  oxalate  of  lime  is  produced. 
The  excess  of  oxalic  acid,  together  with  the  sulphuric  acid,  is 
removed  by  acetate  of  lead ; the  excess  of  lead  from  the  fil- 
trate by  sulphuretted  hydrogen  ; and  the  filtrate  from  this 
precipitation  will  be  almost  colourless,  and  on  evaporation 
will  yield  leucine,  which  may  be  purified  of  the  last 
traces  of  admixed  foreign  matter  by  alcohol  and  crystal- 
lization. 


Chemical  and  Physical  properties  of  Leucine. 

The  sublimate  of  pure,  dry  leucine  appears  under  the  micro- 
scope in  strings  of  rhombic  plates,  as  represented  in  fig.  5, 

pi.  VI. 

When  crystallized  from  an  alcoholic  solution,  leucine  repre- 
sents white  scales,  of  the  lustre  of  mother-of-pearl,  much  like 
cholesterine,  floating  on  water,  and  imparting  the  sensation  of 
an  unctuous  matter  to  the  finger.  Under  the  microscope,  it  has 
the  appearance  of  minute  larch-agarics,  with  which  it  was  com- 
pared by  Proust.  In  the  liver,  and  the  extract  therefrom,  it 
crystallizes  in  balls,  with  a radiary  arrangement  of  particles. 

It  dissolves  in  27  parts  of  water  at  the  ordinary  tempera- 
ture of  the  air,  and  in  658  parts  of  alcohol  of  specific  gravity 
0-828  (Mulder),  or  in  1040  parts  of  alcohol,  of  96  per  cent", 
at  the  ordinary  temperature ; and  in  800  parts  of  warm  al- 
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coliol  of  98  per  cent,  strength  (Zollikofer) . It  is  insoluble 
in  ether,,  even  when  boiling.  The  presence  of  acetic  acid 
and  acetate  of  potash  increases  the  solubility  of  leucine  in 
alcohol  and  water.  When  heated  cautiously  in  a glass  tube, 
open  at  both  ends,  it  is  completely  volatilized  in  the  form  of 
thick  white  fumes,  appearing  like  oxyde  of  zinc,  without  pre- 
viously melting.  When  heated  suddenly  it  fuses,  and  leaves 
a mass  of  charcoal.  It  is  easily  soluble  in  dilute  acids,  and 
forms  combinations,  assuming  readily  a crystalline  form.  It 
is  also  easily  soluble  in  ley  of  caustic  potash,  and  in  ammonia. 

Decompositions. — When  fused  with  caustic  potash,  it  is 
decomposed  into  valerianate  of  potash,  cyanide  of  potassium, 
and  water,  free  hydrogen  escaping. 


C 


12 


H13N04  + 2KO,  HO  = C10H9KO4  + KC2N  + H2  + 3HO. 


Leucine. 


Valerianate  of  Cyanide  of 
Potash.  Potassium. 


Under  the  influence  of  nitrous  acid,  leucine  is  transformed 
into  leucic  acid  (Strecker),1  nitrogen  escaping. 

2(C12H13N04)  + 2N03  = C24H24012  + 4N  + 2IIO. 

Leucine  Leucic  acid. 


Zollikofer  (1852)  found  that  the  watery  solution  of 
leucine  is  not  precipitated  by  salts  of  metals,  not  even  by  the 
nitrates  of  the  protoxyde  and  suboxyde  of  mercury,  nor  by 
corrosive  sublimate ; basic  acetate  of  lead  being  the  sole  ex- 
ception to  this  rule.  This  has  been  confirmed  by  Goessmann 
(1854).  It  is  therefore  a great  oversight  on  the  part  of 
authors  of  systematic  treatises  on  organic  and  medical  che- 
mistry, to  continue  to  state  in  1854  and  1857,  what  in  1852 
had  been  proved  to  be  incorrect. 

Salts  of  Leucine .2 — The  combinations  of  leucine  with  acids 
may  be  produced  in  a direct  manner. 

Hydrochlorate  of  Leucine  (C^TI^NO^  HC1)  forms  crystals 
easily  soluble  in  water. 

Nitrate  of  Leucine,  or  Leuconitric  Acid  (C12H13N04, 
N06H),  appears  in  colourless  concentric  groups  of  needles. 
It  forms  a salt  with  lime,  crystallizing  in  small  warts,  and 
containing  water  of  crystallization;  and  another  salt  with 
magnesia,  appearing  in  small  granular  crystals. 

' ‘ Ann.  d.  Chem.  und  Pharm.,’  Ixxii,  p.  89. 

3 Gerhardt,  Laurent,  and  Cahours,  ‘ Coinpt.  Rend.,’  xxvii,  pp.  256,  265. 
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With  nitrate  of  silver,  leucine  forms  a crystallizable  com- 
pound. 

Leucine  enters  into  combination  with  the  oxydes  of  several 
metals. 

Leucine  and  Oxyde  of  Copper.  C12H13N04,  CuO. — Hy- 
drated oxyde  of  copper,  when  just  precipitated,  dissolves  in  a 
solution  of  leucine,  easily,  and  in  large  quantities,  forming 
a blue  fluid.  When  this  solution  is  evaporated  on  the  water- 
bath,  blue  crystals  of  the  above  compound  are  obtained, 
which  are  very  similar  to  the  ammonio-sulphate  of  copper. 
If  a solution  of  leucine  is  boiled  with  an  excess  of  hydrate  of 
oxyde  of  copper,  the  above  soluble  compound  and  an  insolu- 
ble one  are  formed. 

Leucine  and  Oxyde  of  Mercury.  It  may  be  prepared  like 
the  copper  compound,  or  by  neutralizing  with  potash  a mix- 
ture of  solution  of  nitrate  of  protoxyde  mercury  and  solution 
of  leucine.  It  contains  one  equivalent  of  protoxyde  of 
mercury. 

Leucine  and  Oxyde  of  Lead.  C12H13N04,  PbO. — When  to 
a boiling  mixture  of  solution  of  leucine  and  neutral  acetate 
of  lead  ammonia  is  carefully  and  gradually  added,  little  scales 
of  the  lustre  of  mother-of-pearl  are  deposited  (Strecker). 

If  a solution  of  leucine  is  boiled  with  an  excess  of  oxyde  of 
lead,  or  if  to  a boiling  mixture  of  solutions  of  leucine  and  acetate 
of  lead  ammonia  is  added  in  excess,  an  insoluble  compound  of 
the  formula  C12II13N04,  (PbO)9  is  produced  (Goessmann). 


Mode  of  obtaining  Leucine  from  Urine. 

The  above  tests  with  lead  may  perhaps  be  made  available 
for  that  purpose.  I have  obtained  leucine  as  a deposit  by 
concentration  of  the  urine.  The  deposit  may  be  washed 
with  cold  alcohol,  and  purified  by  lime,  charcoal,  and  so  on ; 
or  in  one  of  the  ways  indicated  above.  All  this  will  only 
serve  to  prove  its  presence  : we  have,  as  yet,  no  means  for 
determining  its  quantity. 


TYROSINE. 

Elementary  composition  : C18HnN06. 

The  occurrence  and  mode  of  obtaining  tyrosine  have  al- 
ready been  described.  It  was  discovered  by  Liebig  as  a 
product  of  the  decomposition  of  cheese  by  fused  caustic 
potash. 
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Physical  and  Chemical  properties. 

It  crystallizes  in  voluminous  white  needles,  which  on  dry- 
ing contract  to  a silky  film  of  white  colour  and  some  lustre. 
As  such  I obtained  it  from  the  inspissated  watery  extract  of 
the  liver.  It  is  without  taste  or  odour. 

In  cold  water  it  is  scarcely  soluble,  easily  in  boiling  water. 
It  is  insoluble  in  alcohol  and  ether.  It  dissolves  rapidly  in 
mineral  acids  and  alkalies,  yielding  compounds  which  are 
even  soluble  in  alcohol.  From  a solution  in  ammonia,  it 
crystallizes  unchanged,  hut  in  larger  crystals  on  spontaneous 
evaporation  of  the  fluid.  From  the  alkaline  solution  it  is 
precipitated  by  acids.  Heated  on  the  platinum  foil,  it  burns 
without  leaving  any  residue,  emitting  the  odour  of  burnt 
horn. 

When  tyrosine  is  dissolved  in  strong  nitric  acid,  the  solu- 
tion, after  a short  time,  yields  brownish-yellow  crystals  of 
nitrate  of  nitrotyrosine,  C18H10XNO6,  HO,  NO.. 

From  its  formula,  tyrosine  may  be  considered  to  be  a copu- 
lated compound  of  glycocoll  and  saligenine. 

C18HuN06=  C4H5N04  + C14H804  — 2HO. 

Tyrosine.  Glycocoll.  Saligenine. 

Under  the  influence  of  boiling  nitric  acid,  tyrosine  is  de- 
composed, oxalic  acid  being  one  of  the  principal  products. 

Nitrate  of  protoxyde  of  mercury  causes  a precipitate  of  red 
flakes  in  a solution  of  tyrosine  while  boiling.  The  precipi- 
tate subsiding  to  the  bottom,  leaves  a clear  fluid  above  it, 
which  has  an  intensely  pink  or  dark  rose-red  colour.  This 
test  is  so  nice,  that  it  is  obtained  even  when  the  watery  so- 
lution of  tyrosine,  saturated  at  the  ordinary  temperature  of 
the  air,  is  diluted  several  times  with  its  own  volume  of  water 
(U.  Hoffmann). 

If  some  tyrosine  and  one  or  two  drops  of  sulphuric  acid 
are  placed  on  a watch-glass,  covered,  and  allowed  to  stand 
for  about  half  an  hour,  and  the  mixture  is  then  diluted  udtli 
water,  neutralised  with  carbonate  of  lime  and  filtered,  and  if 
to  the  filtrate  a solution  of  chloride  of  iron  is  added,  con- 
taining no  free  acid,  a rich  violet  colour  is  immediately  pro- 
duced. Neutral  chloride  of  iron  will  produce  this  test  with 
all  neutral  salts  of  the  tyrosino-sulphuric  acid. 

Tyrosine  was  discovered  in  the  urine  of  typhus  patients  by 
Frerichs  and  Stiideler.  It  is  most  probably  formed  in  the 
liver,  together  with  leucine. 
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Xanthine,  or  xantliic  oxyde,  was  discovered  by  Dr. 
Marcet,1  in  1819,  and  was  first  analysed  by  Wohler  and 
Liebig,2  afterwards  by  Laugier.3  It  has  as  yet  been  found 
in  three  instances  only,  forming  calculi  from  the  urinary 
bladder  of  man.  It  contains  one  equivalent  of  oxygen  more 
than  hypoxanthine,  from  which,  in  its  reactions,  it  is  only 
distinguished  by  its  insolubility  in  water. 

Urinary  calculi  consisting  of  xanthine  are  light  or  dark 
yellowish-brown  in  colour,  of  even  surface,  hard  in  sub- 
stance, of  the  hardness  of  the  ordinary  uric  acid  calculi,  con- 
structed of  concentric  layers  without  fibrous  or  crystalline 
texture.  On  friction  the  calculi  assume  the  glistening  ap- 
pearance of  wax. 


Mode  of  obtaining  Xanthine  from  Calculi. 

The  calculus  is  dissolved  in  caustic  potash,  and  the  filtrate 
precipitated  by  a current  of  carbonic  acid.  The  precipitate, 
which  is  white  and  pulverulent,  is  washed,  and  on  drying 

1 ‘Essay  on  the  Chemical  History  and  Medical  Treatment  of  Calculous  Dis- 
orders,’ London,  1819. 

2 ‘ Poggend.  Annal.,’  xli,  393.  ‘Ann.  d.  Pharm.,’  xxvi,  340. 

3 1 Journ.  de  Chim.  Med.,’  v,  513.  See  Gmelin,  ‘ Handb.  d.  Organ.  Chem.,’ 
4to  edit.,  1852,  vol.  ii,  p.  514,  whence  the  article  is  transcribed. 
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forms  into  hard  yellowish  pieces,  which  become  wax -like  on 
friction,  and  are  free  from  potash. 

Chemical  'properties. 

Subject  to  dry  distillation,  the  xanthine  calculus  yields 
much  prussic  acid,  and  a sublimate  of  carbonate  of  ammonia, 
but  no  urea.  Heated  before  the  blowpipe,  it  breaks  into 
pieces,  blackens,  emits  a peculiar  weak  odour  of  burning 
animal  matter,  which  is  different  from  that  of  burning  uric 
acid,  and  more  like  that  of  burnt  horn,  and  then  is  burned, 
leaving  only  little  ashes. 

Its  solution  in  nitric  acid,  on  evaporation,  leaves  a lemon- 
yellow  dry  residue,  which  is  partly  soluble  in  water;  this 
solution  is  yellow,  becomes  discoloured  with  acids,  reddened 
by  the  addition  of  caustic  potash,  and  then  yields  a carmine 
mass  on  evaporation,  which  is  soluble  in  water  with  a yellow 
tinge.  The  solution  in  caustic  potash  gives  a yellow  preci- 
pitate with  hydrochlorate  of  ammonia,  and  is  decomposed  by 
liquor  sodse  chlorinatse,  the  solution  becoming  dark  at  first, 
then  colourless,  under  evolution  of  nitrogen  gas. 

Xanthine  is  slightly  soluble  in  boiling  water,  from  which 
solution  it  is  precipitated  on  cooling  in  the  form  of  a thin 
membranous  layer. 

It  is  soluble  in  oil  of  vitriol,  and  is  not  precipitated  from 
this  solution  by  the  addition  of  acids.  In  dilute  acids  it  is 
very  little  soluble.  It  is  insoluble  or  scarcely  soluble  in 
hydrochloric  acid. 

It  is  more  easily  soluble  in  ammonia  than  uric  acid,  and 
the  solution  on  evaporation  leaves  a yellowish  lamellated 
mass,  containing  yet  some  ammonia. 

It  readily  dissolves  in  caustic  potash,  and  is  precipitated 
from  the  solution  by  acids.  The  solution  is  dark  greenish- 
brownish-yellow,  like  bile,  and  deposits  xanthine  immedi- 
ately, when  a current  of  carbonic  acid  gas  is  being  transmitted 
through  the  fluid.  The  addition  of  hydrochlorate  of  ammo- 
nia to  the  solution  also  causes  a precipitate,  but  only  on 
evaporation,  during  which  ammonia  is  being  evolved. 

Xanthine  is  soluble  in  a watery  solution  of  carbonate  of 
potash,  insoluble  in  bicarbonate  of  ammonia,  potash,  or 
soda. 

It  is  a little  soluble  in  acetic  acid. 

It  is  insoluble,  or  scarcely  soluble,  in  oxalic  acid. 

It  is  insoluble  in  spirits  of  wine  and  ether. 
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This  substance  has  been  discovered  by  Scherer  in  the 
spleen  and  heart  of  man,  and  of  cattle.  In  the  heart  it  is 
frequently  found  in  such  quantities,  as  to  form  a precipitate 
when  the  extract  by  boiling  water  of  this  organ  is  allowed  to 
cool.  The  blood  of  cattle  also  contains  this  substance,  which 
has  moreover  been  discovered  in  larger  quantities  in  the 
blood  and  urine  of  patients  labouring  under  leukaemia. 

Mode  of  obtaining  Hypoxanthine. 

The  organs  are  finely  chopped  and  boiled  in  water.  The 
solution,  when  strained  from  the  fibres  and  coagula,  is  treated 
with  baryta-water,  which  precipitates  phosphoric  acid  with 
the  baryta.  The  filtrate  is  evaporated,  when  the  excess  of 
baryta  becomes  insoluble,  as  carbonate.  When  the  fluid  is 
reduced  to  a small  bulk,  it  is  treated  with  sulphuric  acid. 
The  precipitate  of  sulphate  of  baryta  now  forming,  throws 
down  with  it  uric  acid  and  hypoxanthine.  The  latter  two 
substances  are  extracted  by  boiling  solution  of  potash,  and 
the  solution  is  treated  with  chloride  of  ammonium, which  preci- 
pitates uric  acid,  ivhile  hypoxanthine  remains  in  solution,  from 
which  it  may  be  precipitated  by  a current  of  carbonic  acid 
gas. 
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Physical  and  Chemical  properties. 

Hypoxantliine  appears  as  an  indistinctly  crystalline  pow- 
der , which  may  be  triturated  without  assuming  the  glistening 
surface  of  wax.  It  is  soluble  in  1090  parts  of  cold,  and  in 
180  parts  of  boiling  water.  The  watery  solution  is  without 
influence  on  vegetable  pigments.  It  is  slightly  soluble  in 
boiling  alcohol,  falling  down  from  the  solution  on  cooling. 
In  boiling  nitric  acid  it  is  soluble  with  effervescence ; and  on 
cooling  of  the  solution,  white  crystals  appear,  which  most 
probably  are  a product  of  decomposition. 

When  the  solution  in  nitric  acid  is  gently  evaporated,  it 
leaves  a residue  of  an  intensely  yellow  colour,  which  by 
treatment  with  caustic  potash  becomes  orange. 

It  is  almost  insoluble  in  cold  hydrochloric  acid,  a little 
more  soluble  in  the  boiling  acid,  but  forms  no  combination 
with  it. 

It  is  soluble  in  concentrated  sulphuric  acid,  without  the 
formation  of  charcoal  or  the  evolution  of  gas. 

It  is  soluble  in  caustic  potash,  and  is  precipitated  from  the 
solution  by  carbonic  acid. 

It  readily  dissolves  in  ammonia ; and,  when  the  latter  eva- 
porates, remains  as  a lamellated  mass,  with  little  adhesion 
to  the  walls  of  the  vessel. 
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History  and  Occurrence. 

This  substance  lias  lately  been  discovered  and  described1 
by  Professor  A.  Strecker,  of  Christiania,  who  provisionally 
gave  it  the  name  of  sarcine.  But  as  this  name  might  lead  to 
misunderstanding,  by  its  being  identical  with  the  name  of  the 
alga,  sarcina  ventriculi,  discovered  by  Goodsir  in  vomit, 
and  which  also  occurs  in  the  urine,  I propose  carnine  as  a 
temporary  synonym,  until  the  discoverer  shall  have  definitely 
baptized  this  substance. 

Carnine  occurs  in  the  juice  of  flesh,  together  with  the 
several  principles  discovered  and  described  by  Liebig,  and 
many  others  as  yet  undetermined.  When  to  the  mother-liquor 
of  creatine  a solution  of  cither  corrosive  sublimate,  nitrate  of 
protoxyde  of  mercury,  ammonio-chloridc  of  zinc,  or  acetate  of 
copper  is  added,  a considerable  precipitate  is  produced,  which 
in  every  instance  contains  an  organic  base  as  an  essential  con- 
stituent. This  organic  base  occurs  in  beef  and  horse-flesh 
in  about  equal  quantities,  and  is  also  most  probably  an  in- 
gredient of  human  urine.  The  substance  discovered  by 

1 ‘ Quarterly  Journ.  of  the  Chem.  Soc.,’  vol.  x,  p.  121.  July,  1857. 
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Strecker  in  human  urine  closely  resembles  carnine  in  its  com- 
pounds ; the  only  doubt  as  to  whether  it  may  not  he  guanine, 
Dr.  Strecker  is  about  to  decide  by  further  anal}- ses. 


Mode  of  obtaining  it  pure. 

The  most  advantageous  method  of  preparing  this  base  is  by 
precipitation  with  acetate  of  copper.  The  mother-liquor  of 
the  creatine  crystals  is  diluted,  and  mixed  with  a dilute  solu- 
tion of  copper.  The  copious  precipitate  thus  produced  is 
decomposed  by  sulphuretted  hydrogen  (hydrothion),  when  the 
base  remains  in  solution.  To  remove  colouring  matter,  the 
solution  is  boiled  Avith  hydrated  oxyde  of  lead,  which  also 
takes  up  a small  quantity  of  carnine.  The  filtrate  from  the 
lead  is  treated  with  hydrothion,  and  after  filtration  evaporated, 
when  carnine  is  obtained  in  a crystalline  form. 

Physical  and  Chemical  characters. 

From  its  warm  saturated  solution,  carnine,  on  cooling,  is 
deposited  as  a white,  indistinctly  crystalline  powder,  fre- 
quently, however,  adhering  as  a dense  crust  to  the  sides  of  the 
vessel.  It  is  soluble  in  300  parts  of  water  of  15°  C.  (00°  F.) 
temperature,  and  in  78  parts  of  boiling  water ; it  requires 
900  parts  of  boiling  alcohol  for  solution.  The  solutions  do 
not  change  the  colour  of  litmus  paper,  and  have  not  got  any 
very  characteristic  taste.  In  hydrochloric  acid,  ammonia,  and 
potash,  carnine  dissolves  much  more  readily  than  in  cold 
water ; less  readily  in  dilute  nitric  and  sulphuric  acid.  It  is 
largely  soluble  in  concentrated  nitric  and  sulphuric  acid, 
without  discoloration  or  evolution  of  gas. 

In  a boiling  solution  of  carnine,  basic  acetate  of  lead  pro- 
duces a precipitate.  From  its  watery  solution,  carnine  is 
further  precipitated  by  ammonio-chloride  of  zinc,  by  cadmium 
salts,  the  mercury  salts  already  mentioned,  and  the  salts  of 
many  other  metals.  Caustic  alkalies,  including  baryta, 
dissolve  carnine ; from  these  solutions  it  is  mostly  precipitated 
by  a current  of  carbonic  acid  gas.  From  these  characters, 
and  the  nature  of  its  combinations,  it  is  evident  that  carnine 
is  a base. 


Compounds. 

Carnine  forms  Avell  defined  combinations  Avith  acids,  me- 
tallic oxydes,  and  salts. 

Hydrochlorate  of  carnine.  CinH4N402,  HC1  + 2Aq. — The 
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solution  of  sarcine  in  boiling  concentrated  hydrochloric  acid, 
deposits,  on  cooling,  colourless  crystalline  plates  of  the  fore- 
mentioned  composition.  When,  however,  the  solution  of 
hydroclilorate  of  sarcine  in  Avater  is  repeatedly  evaporated  to 
dryness  on  the  water-bath,  a residue  is  at  length  obtained, 
containing  no  hydrochloric  acid.  Water  has  therefore  a de- 
composing influence  upon  this  salt. 

Hydrochlorate  of  car  nine  and  bichloride  of  platinum.  C10H4 
N402,  HC1,  PtCL2. — On  adding  a solution  of  bichloride  of  pla- 
tinum to  a concentrated  solution  of  crystals  of  hydrochlorate 
of  carnine,  this  platinum  salt  is  deposited  in  yelloAV  crystalline 
masses,  which  are  sparingly  soluble  in  cold  Avater,  but  readily 
dissolve  in  a higher  temperature. 

Nitrate  of  carnine. — The  solution  of  carnine  in  concentrated 
nitric  acid,  deposits,  on  standing,  transparent,  colourless  cry- 
stals (apparently  rhombic  octahedra)  of  nitrate  of  carnine, 
Avliich,  on  exposure  to  air  or  Avater,  become  white  and  opaque, 
without  any  alteration  of  shape. 

Sulphate  of  carnine. — The  solution  of  carnine  in  concen- 
trated sulphuric  acid,  deposits,  on  standing,  or  by  addition  of 
alcohol,  colourless,  needle  shaped  crystals  of  sulphate  of  car- 
nine,  which,  on  coming  in  contact  with  water,  crumble  to  a 
Avhite  powder. 

Carnine,  when  treated  Avith  concentrated  acids  at  a tem- 
perature of  240°  F.  (100°  C.),  does  not  undergo  any  decom- 
position. Its  solution,  when  mixed  with  aqua  regia  and 
evaporated  on  the  water-bath,  leaves  a residue,  Avhich  consists 
mainly  of  unchanged  carnine. 

Carnine  and  baryta.  Cl0H.,Ba.,N4O.,  + 4Aq- — A solution  of 
carnine  in  baryta- water,  on  addition  of  a larger  quantity  of 
baryta-Avater,  deposits  transparent  colourless  crystals  of  car- 
nine-baryta.  From  the  solution  of  this  salt  the  baryta  may  be 
precipitated  by  a current  of  carbonic  acid  gas. 

Carnine  and  oxyde  of  silver.  C10H2Ag2N4O2  + 2Aq. — On 
adding  a solution  of  sarcine  to  an  ammoniacal  solution  of 
nitrate  of  silver,  a flocculent  precipitate,  quite  insoluble  in 
Avater  and  ammonia,  is  obtained,  Avhich  on  drying  becomes  a 
hard  mass,  like  alumina. 

Carnine  and  nitrate  of  silver.  C10H4N4O2,  AgO,  NOv — A 
solution  of  carnine  in  Avater,  Avlien  mixed  Avith  a solution  of 
nitrate  of  silver,  forms  a flocculent  precipitate,  which  is  in- 
soluble in  dilute  nitric  acid  at  the  ordinary  temperature.  It 
is,  liOAvever,  completely  soluble  in  boiling  concentrated  nitric 
acid,  and  from  this  solution  is,  on  cooling,  deposited  in 
colourless  scaly  crystals,  and  so  completely,  that  the  filtrate 
scarcely  yields  any  precipitate  on  addition  of  hydrochloric  acid. 
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In  its  elementary  composition  it  stands  near  to  guanine, 
only  containing  one  equivalent  of  nitrogen  and  hydrogen  less 
than  that  base.  It  also  presents  great  analogies  to  it  in  its 
compounds. 

Its  elementary  composition  is  identical  with  that  of  hypo- 
xantliine,  the  base  discovered  by  Scherer  in  the  spleen,  and 
since  found  by  him  in  various  organs.  The  two  substances 
likewise  agree  in  certain  other  characters ; hypoxanthine, 
however,  is  almost  insoluble  in  water  and  hydrochloric  acid — 
a difference  from  carnine,  which  cannot  be  accounted  for  by 
simple  difference  of  purity  of  the  preparations.  Hypoxanthine 
dissolves  in  warm  nitric  acid  with  evolution  of  gas,  and  on 
cooling  yields  a product  of  decomposition.  The  solution  in 
nitric  acid,  on  evaporation  to  dryness,  leaves  a yellow  residue, 
assuming  a red  colour  on  the  addition  of  caustic  potash. 
Carnine,  on  the  other  hand,  dissolves  in  nitric  acid  without 
evolution  of  gas,  and  the  solution  by  evaporation  on  the 
water-bath,  leaves  a colourless  mass,  which  does  not  become 
yellow  unless  very  strongly  heated;  on  addition  of  potash 
this  residue  assumes  a red  colour.  Xanthine  and  guanine 
have  very  similar  reactions. 

From  its  elementary  composition,  xanthine  (C10H4N4O4) 
might  be  considered  as  a compound  of  uric  acid  with  carnine, 

2C,0H4y4o4  = c10h4n4o6  + c10h4n4o2; 

Xanthine.  Uric  acid.  Carnine. 

but  its  chemical  affinities  do  not  accord  with  this  view.  By 
mixing  a solution  of  liydrochlorate  of  carnine  with  urate 
of  soda,  not  xanthine,  but  an  isomeric  compound — urate  of 
carnine — is  obtained,  which,  under  the  influence  of  acids, 
separates  into  its  original  constituents. 
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covered, constituting  a calculus,  1810. 
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For  the  rest  of  the  casuistic  see  Gmelin’s  f Ilandb.  d. 
Org.  Chem./  4th  edit.,  vol.  ii,  p.  133. 

Occurrence. 

Cystine  is  the  principal  constituent  of  a rare  description 
of  calculus ; small  calculi  are  sometimes  made  up  of  pure 
cystine,  and  then  appear  yellow,  transparent,  wax-like,  of  a 
crystalline  texture.  They  cut  like  dry  walnut,  may  be  pow- 
dered, and  are  gritty  between  the  teeth,  tasteless,  and  neutral. 
When  the  calculi  arc  not  made  up  of  pure  cystine,  they 
generally  contain  an  admixture  of  earthy  phosphates,  and 
then  arc  greenisli-blue,  dirty  greenish-grey,  or  fawn-brown. 
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Cystine  gravel  lias  occasionally  been  obtained  from  dogs.1 
Latterly  cystine  lias  been  discovered  by  Sclierer2  to  be  pre- 
sent in  the  liver  of  typhus  patients.  Another  observer 3 has 
once  obtained  it  from  the  kidneys  of  oxen,  but  could  not 
meet  with  it  again  in  the  same  substance.  Two  calculi  of 
cystine  were  found  in  the  calyces  of  the  kidneys  of  an  old 
woman  by  Professor  Virchow.4  Lastly,  it  is  met  with  in  the 
urine  in  solution  and  as  a deposit.  Where  it  occurs  dis- 
solved it  is  probably  by  means  of  some  alkali,  either  the 
alkali  by  means  of  which  it  was  excreted  from  the  kidneys, 
or  an  alkali  formed  in  the  urinary  passages,  ammonia  which 
has  lost  some  carbonic  acid,  as  is  usual  in  decomposed 
urine. 

But  this  is  merely  a supposition,  supported,  however,  by  the 
observation  of  Julius  Muller,5  who  found  cystine  dissolved 
in  the  alkaline  urine  of  a boy  six  and  a half  years  old.  Here 
the  alkaline  condition  seemed  to  be  due  to  the  presence  of  a 
large  cystine  calculus  in  the  bladder.  After  the  operation  of 
lithotomy,  the  urine  became  acid.  Two  months  later,  the 
urine  became  again  alkaline,  and  gave  a deposit  which,  when 
cleared  of  earthy  phosphates  by  means  of  acetic  acid,  showed 
itself  to  be  cystine  again.  The  urine,  on  being  filtered  and 
treated  with  acetic  acid,  after  the  lapse  of  twenty-four  hours 
yielded  another  precipitate  of  cystine.  This  case  shows  that 
the  conditions  under  which  cystine  occurs  in  an  insoluble  or 
in  a dissolved  condition  require  further  investigation. 

Decompositions . 

When  subjected  to  dry  distillation,  cystine  yields  prussic 
acid,  carbonate  of  ammonia,  a fluid,  thick  and  stinking  oil, 
and  leaves  a spongy  charcoal.  Heated  in  the  open  air,  it 
develops  sulphurous  acid,  recognisable  by  the  smell,  but 
does  not  fuse,  or  melt,  or  blister.  When  fused  with  caustic 
potash,  it  gives  off  an  inflammable  gas,  which  burns  with  the 
flame  of  sulphocarbon  and  under  production  of  sulphurous 
acid.  (This  gas  is  most  probably  sulphuretted  hydrogen,  as 
is  made  probable  by  the  following  reaction.)  When  cystine 
is  boiled  in  caustic  potash  solution,  in  which  some  hydrated 
oxyde  of  lead  has  previously  been  dissolved,  a large  precipi- 
tate of  sulphuret  of  lead  is  obtained  (Liebig).  The  solution 
of  cystine  in  excess  of  nitric  acid,  on  evaporation  by  boiling, 

1 Heller,  ‘ Heller’s  Archiv.'  vol.  vi.  p.  458. 

1 Virchow’s  ‘ Archiv,’  vol.  x,  Heft.  1 und  2,  p.  228. 

1 A.  Cloetta. 

' ‘ Archiv,’  loc.  cit.,  p.  230. 

‘ Archiv  d.  Pharmac.,’  Miirz,  1852.  p.  228. 
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leaves  at  first  a white,  not  transparent  mass,  which  becomes 
brown  and  black,  and  contains  sulphuric  acid. 

Cystine  crystallizes  in  six-sided  plates  of  the  arrangements 
represented  in  fig.  1,  plate  VI.  These  crystals  are  very  cha- 
racteristic, and  therefore  a valuable  means  of  diagnosis. 

Cystine  is  insoluble  in  water,  but  soluble  in  dilute  strong- 
acids,  from  which  solution  it  is  precipitated  by  carbonate  of 
ammonia.  The  solution  on  evaporation  yields  a salt,  mostly 
crystallizing  in  groups  of  needles.  The  phosphate,  sul- 
phate, hydrochlorate,  and  nitrate  are  the  compounds  best 
known. 

Cystine  is  easily  soluble  in  a watery  solution  of  ammonia, 
potash,  soda,  and  lime ; also  in  the  bicarbonates  of  potash 
and  soda,  but  not  in  bicarbonate  of  ammonia.  The  solution 
in  ammonia  on  spontaneous  evaporation  leaves  the  cystine 
pure  in  crystals.  The  other  solutions  leave  granular  crystals, 
the  composition  of  which  is  not  ascertained.  From  the 
alkaline  solutions,  cystine  is  precipitated,  after  a few  seconds, 
by  acetic,  tartaric,  and  citric  acids,  in  the  form  of  a fine  white 
powder ; these  solutions  are,  however,  not  precipitated  by 
either  sulphuric,  hydrochloric,  or  nitric  acid. 

Cystine  is  soluble  in  a watery  solution  of  oxalic  acid. 
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Stadeler. — Allantoine  in  the  urine  of  a dog,  into  whose 
veins  oil  had  been  injected. 
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Mode  of  obtaining  Allantoine. 

The  allantoic  iluid  of  the  cow  (which  is  mostly  mixed  with 
amniotic  liquor)  is  evaporated  to  one  quarter  of  its  original 
bulk,  and  cooled  down  to  make  allantoine  crystallise.  Al- 
lantoine is  also  precipitated  from  the  fluid,  when  it  is  allowed 
to  stand  for  some  length  of  time,  and  may  then  he  separated, 
dissolved  in  hot  water,  and,  after  filtration,  recrystallized. 

The  urine  of  calves  is  obtained  (according  to  Wohler)  by 
tying  the  bladder  before  the  animals  are  killed  by  the 
butcher.  This  proceeding  can  only  be  adopted  in  countries 
where  the  calves  are  killed  very  early,  as  in  Germany  and 
Switzerland.  In  this  country,  therefore,  other  proceedings 
must  be  had  recourse  to  for  obtaining  the  urine.  Among 
those  which  are  practicable,  the  catheterism  of  female  animals 
appears  to  be  most  suitable.  The  urine  thus  obtained  is 
evaporated  on  the  water-bath  to  a syrupy  consistence,  and  is 
put  in  a cold  place  for  several  days,  then  diluted  with  water. 
The  gelatinous  precipate  of  urate  of  magnesia  is  then  re- 
moved by  washing,  when  there  remain  only  crystals  of  phos- 
phate of  magnesia  and  allantoine.  They  are  now  washed 
with  a little  cold  water,  boiled  with  water  and  a little  good 
animal  charcoal,  and  filtered,  when  most  of  the  phosphate  of 
magnesia  remains  on  the  filter.  The  addition  of  a few  drops 
of  hydrochloric  acid  to  the  filtrate  keeps  in  solution  the 
phosphate  of  magnesia,  and,  on  cooling,  colourless  allantoine 
crystallizes  from  the  solution  (W older) . 

Stadeler  obtained  allantoine  from  the  urine  of  a dog  as 
follows : The  urine,  immediately  after  passing,  was  precipi- 

tated with  basic  acetate  of  lead,  and  the  excess  of  lead  was 
removed  from  the  filtrate  by  sulphuric  acid  and  hydrothion. 
The  colourless  fluid  was  evaporated  on  the  water-bath.  The 
residue  was  extracted  with  boiling  spirits  of  wine  of  82  per 
cent.,  and  the  yellowish  solution  put  aside  in  a well-closed 
bottle.  After  the  lapse  of  several  days  a large  quantity  of 
small  white  groups  of  crystals  appeared  deposited  upon  the 
sides  of  the  bottle,  which  were  almost  insoluble  in  cold  water, 
but  dissolved  in  boiling  water,  and  on  cooling  were  deposited 
again  in  larger  glistening  crystals.  This  body  was  allantoine. 

Mode  of  obtaining  allantoine  from  uric  acid. — Powdered 
uric  acid  is  suspended  in  little  water,  and  heated  to  near 
the  boiling  point.  Peroxydc  of  lead  in  a finely  pow- 
dered state  is  now  added  to  the  fluid,  which  is  continued  to 
be  kept  hot,  until  the  last  portions  of  the  peroxydc  are  no 
longer  transformed  into  a white  mass.  The  mixture  is 
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now  filtered  hot,  and  the  filtrate,  on  cooling,  and  on  further 
evaporation  and  cooling,  yields  allantoine  in  crystals ; the 
mother-liquor  contains  urea,  from  the  last  traces  of  which 
the  crystals  of  allantoine  may  be  separated  by  recrystal- 
lization. 


Physical  and  Chemical  properties. 

Allantoine  crystallizes  in  glass-like  needles ; when  obtained 
from  uric  acid  it  represents  rhomboedric  crystals,  combined 
with  the  hexagonal  prism  or  column.  It  is  tasteless, 
colourless,  and  has  no  reaction  on  test-paper.  Exposed 
to  the  air  it  undergoes  no  change ; it  contains  no  water 
of  crystallization. 

Subjected  to  dry  distillation,  it  yields  carbonate  and 
hydrocyanate  of  ammonia,  empyreumatic  oil,  and  a spongy 
charcoal.  Heated  with  oil  of  vitriol  it  is  decomposed  into 
sulphate  of  ammonia  and  a mixture  of  carbonic  acid  and  oxyde 
of  carbon. 

When  gently  warmed  with  nitric  acid  of  a specific  gravity 
of  1*2  to  1*4,  during  which  process  no  gas  is  evolved,  the 
solution  on  cooling  yields  nitrate  of  urea  in  crystals.  The 
solution,  on  being  evaporated  to  dryness,  leaves  nitrate  of  urea 
and  allanturic  acid. 


C8H6N406  + 2HO  = C2H4N202  + C6H4N206. 


Allantoine. 


Urea. 


Allanturic  acid. 


The  same  decomposition  of  allantoine  can  be  brought  about 
by  boiling  it  with  hydrochloric  acid,  by  heating  it  enclosed 
with  water  in  a strong  tube  to  a temperature  of  from  110°  to 
140  C.  (230°  to  284°  F.)  (Here  urea  is  further  decomposed 
into  ammonia  and  carbonic  acid.) 

Allantoine  is  soluble  in  1G0  parts  of  cold  water,  in  30  of 
boiling  water ; it  is  soluble  in  hot  alcohol,  and  crystallizes 
from  both  these  hot  solutions  on  cooling.  It  is  soluble  in  cold 
solution  of  caustic  potash,  and  is  precipitated  from  this  solu- 
tion by  the  addition  of  acids.  If,  however,  allowed  to  remain 
in  this  solution  for  any  length  of  time,  it  is  metamorphosed. 
It  is  soluble  in  solutions  of  the  carbonates  of  the  alkalies. 
When  boiled  with  hydrate  of  potash  or  baryta,  it  is  resolved 
into  ammonia  and  oxalic  acid.  The  same  decomposition 
takes  place  under  the  influence  of  yeast,  at  a temperature  of 
30°  C.  (86°  F.)  Urea,  oxalate  and  carbonate  of  ammonia, 
and  a new  acid,  not  investigated,  are  the  products  of  the  de- 
composition. 
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On  adding  to  a boiling  saturated  solution  of  allantoine  in 
water  nitrate  of  silver,  and  then  ammonia,  so  long  as  a preci- 
pitate is  being  formed,  a combination  of  allantoine  with  oxyde 
of  silver  is  obtained  in  the  precipitate,  which  is  a white  glis- 
tening powder,  and  under  the  microscope  appears  in  spherical 
balls.  It  is  decomposed  by  all  dilute  acids,  allantoine  being- 
set  free. 

A solution  of  allantoine  is  not  precipitated  by  corrosive 
sublimate.  It  is,  however,  precipitated  by  a solution  of 
nitrate  of  protoxyde  of  mercury,  and,  like  urea,  combines  with 
mercury  in  various  proportions,  analogous  to  the  compounds 
of  urea.  (Limpriclit.) 

It  enters  into  combination  with  the  oxydes  of  copper, 
cadmium,  lead,  and  zinc,  and  the  combinations  crystallize. 

Pathological  indications. 

In  consequence  of  having  found  allantoine  in  the  urine  of 
a dog  suffering  from  dyspnoea  following  the  injection  of  oil 
into  his  veins,  Frerichs  and  Stadeler  examined  the  urine  of 
several  persons  suffering  from  dyspnoea,  emphysema,  and 
pneumonia,  as  also  the  urine  of  a woman  who,  to  relieve  the 
dangerous  dyspnoea  caused  by  an  aneurism  of  the  arch  of  the 
aorta,  Avas  obliged  to  have  tracheotomy  performed  upon  her. 
In  neither  of  these  cases  were  the  observers  able  to  find 
allantoine  in  the  urine.  It  is  therefore  yet  questionable 
how  the  appearance  of  allantoine  in  the  urine  of  the 
dog  has  to  be  explained.  It  is  also  a question  whether 
allantoine  ever  appears  in  the  urine  of  man.  But  as 
there  is  a probability,  I have  thought  it  best  not  to  omit 
the  description  of  its  properties,  in  order  that  there 
might  be  less  chance  of  its  being  overlooked  by  future 
observers. 
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Grape-sugar  was  found  by  Lowitz  and  Proust1  to  be  dis- 
tinct from  cane-sugar.  Thenard  and  Dupuytren2  proved  the 
sugar  from  the  urine  of  diabetic  patients  to  be  identical  with 
grape-sugar. 

This  substance  forms  a constituent  of  all  sweet-tasting 
fruit,  in  which  it  is  contained  in  various  proportions. 
Raisins,  tigs,  dates,  and  other  dried  fruit  contain  it  cry- 
stalline, and  in  largest  proportions.  It  is  also  contained  in 
bees’  honey,  mixed  with  an  uncrystallized  sugar,  termed 
glucose. 

It  is  found  in  the  human*  and  animal  organism  after  food 
containing  sugar  or  starch  ; the  contents  of  the  upper  part  of 
the  small  intestines,  the  chyle,  portal  and  venous  blood,  and 
the  extract  from  the  liver,  give  then  unquestionable  evidence 
of  its  presence.  But  it  is  more  than  doubtful  whether 
the  substance  found  in  hens’  eggs,  in  the  urine  of  the 
foetus  of  the  cow  and  sheep,  in  the  allantoic  and  amniotic 
fluid  of  cows,  sheep,  and  swine,  which  reduces  oxyde  of 
copper  in  its  alkaline  solution,  is  really  sugar;  as  allan- 
toine,  a substance  found  to  be  present  in  all  the  fluids 


1 Lowitz,  Dr.  Crell’s  ‘ Chem.  Ann.,’  1792,  i,  pp.  218  and  345.  Proust, 
‘ Journ.  d.  Phys.  et  de  Chim.,’  lxiii,  p.  257  ; lxix,  p.  428.  ‘ Ann.  de  Chim.,’ 
lvii,  pp.  131,  225. 

2 Thenard  and  Dupuytren,  ‘ Ann.  de  Chim.,’  xliv,  p.  45. 
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just  named,  has  been  found  to  possess  the  same  reaction  as 
sugar. 

In  diabetes  mellitus,  sugar  is  found  in  all  or  most  of  the 
secretions,  tissues,  juices,  and  excretions  of  the  body. 

Grape-sugar  may  be  made  artificially  from  cane-sugar  and 
starch,  either  through  the  influence  of  diastase,  or  by  boiling 
with  dilute  acids  (sulphuric  acid),  as  was  first  discovered  by 
Kirchlioft'.1  The  transformation  into  sugar  of  cellulose, 
under  the  same  conditions,  was  observed  by  Braconnot.2 
Many  immediate  principles  of  plants,  such  as  amygdaline, 
salicine,  phloridzine,  rhodeoretinic  acid,  rhuberythric  acid, 
arbutine,  populine,  quercitrine,  esculine,  caincic  acid, 
chinovie  acid,  tannic  acid,  are,  under  the  influence  of 
synaptase,  or  of  dilute  acids  or  alkalies,  transformed  into 
grape-sugar  and  other  compounds.  These  principles  are 
comprised  under  the  class  of  glucosides,  or  substances  com- 
bined with  sugar. 

It  has  been  ascertained  by  Pelouze,  that  the  substance 
extracted  from  the  liver  by  M.  Cl.  Bernard,  and  capable 
of  transformation  into  sugar  under  the  influence  of  un- 
boiled liver  ferment,  is  really  dextrine,  and  not,  as  many 
at  first  believed,  a modified  albuminous  substance. 

Grape-sugar  must  not  be  confounded  with  glucose,  the 
uncrystallizable  sugar  of  acid  fruits,  and  of  honey.  For 
though,  in  the  course  of  time,  glucose  is  transformed  into 
grape-sugar  by  molecular  changes,  yet  the  different  in- 
fluence upon  polarized  light,  the  solubility  in  cold  alcohol, 
and  the  amorphous  condition,  are  essential  differences,  and 
must  be  regarded. 


Mode  of  obtaining  Grape-sugar. 

Honey  is  treated  with  cold  alcohol,  which  dissolves  the 
uncrystallizable  sugar  or  glucose,  leaving  the  crystallized 
grape-sugar  behind.  The  residue  is  washed  with  alcohol, 
pressed,  dissolved  in  water,  treated  with  animal  charcoal  and 
white  of  egg,  evaporated,  and  allowed  to  crystallize.  It  may 
be  recrystallized  from  boiling  alcohol. 

From  raisins  or  dates  (which  latter,  when  good  and  large, 
I have  found  most  advantageous)  it  may  be  obtained  by  ex- 

1 * Journ.  de  Phys.  et  de  Chim.,’  Ixxiv,  p.  199.  Schweigger’s  ‘ Journ  ’ xiv 
p.  389. 

2 ‘Ann.  de  Chim.  et  de  Phys.,’  xii,  p.  172.  Schweigger’s  ‘ Journ.,’ xxvii 
p 328. 


301- 


GRAPE-SUGAR. 


traction  with  boiling  water ; the  extract,  when  evaporated, 
is,  after  crystallization  has  taken  place,  treated  in  the  same 
way  as  honey. 

From  diabetic  urine  grape-sugar  may  be  obtained  by  eva- 
porating the  urine  in  the  water-bath  to  dryness,  extracting 
the  crystalline  darlc-colonred  residue  on  a filter  or  otherwise 
with  cold  spirits  of  wine,  and  purifying  the  residue  by  repeated 
recrystallization  from  water,  after  treatment  with  albumen 
and  animal  charcoal,  and  at  last  by  recrystallization  from 
boiling  alcohol. 


Physical  and  Chemical  properties. 

From  not  too  concentrated  solutions,  grape-sugar  crystal- 
lizes in  semi-globular  warts,  or  in  masses  like  cauliflower. 
From  the  watery  extract  of  dates,  and  from  bulky  solutions 
in  alcohol,  large,  transparent  crystals,  with  well  formed 
planes,  and  double  refraction  of  light,  are  sometimes  ob- 
tained. 

It  is  less  soluble  in  water  than  cane-sugar,  requiring  14 
times  its  own  weight  of  this  solvent  for  solution  at  the  ordi- 
nary temperature.  In  boiling  water  it  is  soluble  in  all  pro- 
portions. It  tastes  less  sweet  than  cane-sugar,  and  2| 
parts  of  the  former  are  required  to  equally  sweeten  the  same 
bulk  of  fluid  as  one  part  of  the  latter.  The  solution  of 
grape-sugar  turns  to  the  right  a ray  of  polarized  light. 

The  crystals  contain  two  equivalents  of  water,  which  they 
lose  at  a temperature  of  100°  C.  (212°  F.),  at  which  they 
fuse.  At  140°  C.  (284°  F.),  another  loss  of  three  equivalents 
of  water  transforms  grape-sugar  into  caramel — C12H909. 


Combinations. 

Grape-sugar,  like  cane-sugar,  unites  with  bases,  but  is 
easily  coloured  brown  and  decomposed  while  thus  uniting. 
The  baryta  compound  of  the  composition,  2(C12H12012)  + 
3BaO  (C12HnBa012,  Gerhardt),  is  obtained  in  the  form  of  a 
flaky  white  precipitate  by  mixing  together  solutions  in  me- 
thylalcohol  of  grape-sugar  and  of  baryta.  A similar  com- 
bination with  lead  (C12H12012  + 3PbO)  is  obtained  by  preci- 
pitating a solution  of  sugar  by  acetate  of  lead  under  addition 
of  ammonia  (C12HnPbOi2  -t-  2PbO,  Gerhardt). 

A compound  of  grape-sugar  with  chloride  of  sodium  of  the 
formula  2(C12H,2012),  NaCl  + 2HO  (3Aq.,  Gerhardt),  was 
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discovered  by  Calloud  1 in  the  inspissated  diabetic  urine.  It 
may  be  easily  obtained  by  mixing  moderately  concentrated 
solutions  of  one  equivalent  of  chloride  of  sodium  and  two 
equivalents  of  grape-sugar,  and  by  gently  evaporating  the 
mixture.  The  compound  then  crystallizes  in  hard,  colour- 
less, six-sided  double  pyramids ; if  an  excess  of  chloride  of 
sodium  has  been  taken,  this  crystallizes  first  from  the  solu- 
tion. 

Grape-sugar  is  not  influenced  by  dilute  acids,  and  not 
blackened  by  concentrated  sulphuric  acid.  If  grape-sugar 
dried  at  a temperature  of  100°  C.  (212"  F.)  is  mixed 
with  one  and  a half  times  its  weight  of  concentrated  sul- 
phuric acid,  it  dissolves  and  forms  with  the  acid  a combina- 
tion which  is  an  acid  itself,  and  has  been  called  sulplio- 
saccharic  acid.  This  may  be  dissolved  in  water,  and  freed 
from  excess  of  uncombined  sulphuric  acid  by  carbonate  of 
baryta.  The  addition  of  basic  acetate  of  lead  to  the  filtrate 
precipitates  sulpho-saccharate  of  lead,  which  by  decomposi- 
tion with  sulphuretted  hydrogen  yields  sulpho-saccharic  acid, 
a substance  which  easily  undergoes  decomposition. 

Decompositions. 

Grape-sugar  combines  with  the  oxydes  of  metals ; the 
compounds  are,  however,  very  changeable.  In  the  presence 
of  bases  it  is  easily  oxydized,  absorbs  oxygen  from  the  air, 
and  assumes  a brown  colour.  Thus  when  a solution  of 
grape-sugar,  diabetic  urine  for  example,  is  heated  with  a 
solution  of  caustic  potash,  the  mixture  becomes  brown 
at  a temperature  of  from  60°  to  70°  C.  (140°  to  158°  F.), 
and  a smell  of  burned  sugar  is  being  evolved.  Two  new 
acids  are  produced  by  this  process,  glucic  and  melassic  acid. 

When  the  oxydes  of  several  metals  (copper,  mercury, 
silver  or  gold,  bismuth)  in  the  form  of  salts  are  brought  in 
contact  with  solutions  of  grape-sugar  in  a higher  tempera- 
ture, a reduction  of  the  oxyde  to  a lowrer  oxyde  or  to  metal 
takes  place. 

Twro  reduction-tests  in  particular  are  of  importance  for 
the  qualitative  discovery  and  quantitative  determination  of 
diabetic  sugar  in  urine  : I allude  to  the  tests  with  bismuth 
and  with  copper. 

When  diabetic  urine,  or  any  other  solution  of  grape-sugar, 
is  mixed  with  an  equal  volume  of  a solution  of  carbonate  of 


1 ‘ Journ.  d.  Pharm.,’  xi,  p.  562.  Erdmann  and  Marchand,  ‘ Journ.  fiir  Pract. 
Cliem./  xiii,  p.  111.  Brunner,  ‘ Ann.  d.  Chem.  und  Pliarm.,’  xxxi,  p.  195. 
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soda  (made  of  three  parts  of  water  and  one  part  of  crystal- 
lized carbonate  of  soda),  and  a pinch  of  basic  nitrate  of  bis- 
muth is  added,  and  the  mixture  heated  to  ebullition,  the 
bismuth  becomes  gray  or  blackish  from  the  formation  of 
suboxyde  of,  or  metallic,  bismuth.  If  the  process  be  watched 
attentively,  the  yellow  oxyde  of  bismuth  is  discovered  as  a 
transition  stage.  This  test  is  very  easy  and  delicate,  and 
very  true  in  its  application  to  urine,  as  none  of  the  ordinary 
normal  or  pathological  constituents  of  that  fluid  have  the 
same  influence  upon  the  bismuth  salt.1 

On  adding  to  a solution  of  grape-sugar  some  caustic 
potash,  and  afterwards,  by  drops,  a dilute  solution  of  sulphate 
of  copper,  a dark  fluid  is  formed ; and,  after  a few  seconds, 
a precipitate  of  hydrated  suboxyde  of  copper  ensues,  even 
without  raising  the  temperature  of  the  mixture.  On  heating 
the  mixture  to  ebullition,  a discoloration  of  the  fluid  takes 
place,  and  all  the  copper  is  precipitated  in  the  form  of  red 
suboxyde.  A fluid  containing  one  hundred  thousandth  part 
of  its  own  weight  of  grape-sugar,  when  treated  with  caustic 
potash  and  a few  drops  of  solution  of  sulphate  of  copper,  yet 
yields  a perceptible  red  precipitate  on  boiling.  If  a fluid 
contains  one  millionth  part  of  its  own  weight  of  grape-sugar, 
the  test  is  sufficiently  delicate  to  give  the  fluid  a reddish  ap- 
pearance, provided  the  fluid  be  in  a thick  layer  (two  or  three 
inches  in  diameter)  and  properly  illuminated. 

The  tests  by  Reich  and  Maumene  are  common  to  cane 
and  grape-sugar;  while  the  test  with  copper  (Trommer’s) 
excludes  cane-sugar.  The  tests  with  caustic  potash,  bismuth, 
copper,  and  the  analysis  by  optical  means,  furnish  all  evi- 
dence to  be  desired  for  analytical  and  practical  purposes. 

Grape-sugar,  when  brought  into  contact  with  ferments, 
undergoes  a series  of  decompositions,  of  which  the  following 
are  the  most  important  and  best  known : 

Vinous  fermentation. — A faintly  acid  solution  of  grape- 
sugar,  when  brought  into  contact  with  yeast,  or  putrefying 
matter,  yields  alcohol  and  carbonic  acid. 

C12H12012  = 2(C4H602)  + 4C02. 

This  test  was  formerly  used  for  determining  the  quantity 
of  sugar  in  solution,  diabetic  urine,  &c.  A known  quantity 
of  solution  was  mixed  with  yeast,  and  the  carbonic  acid, 
after  passing  through  sulphuric  acid  for  the  purpose  of  re- 
taining all  the  water,  Avas  alloAved  to  escape.  From  the 
loss  of  weight  in  the  apparatus,  the  amount  of  carbonic 
acid  and  its  equivalent  of  sugar  Avas  determined  by  calcula- 

1 Henle  and  Pfeufer,  ‘ Zeitschr.  fur  Pract.  Med.,’  1857, 
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tion.  The  experiment,  however,  requires  too  much  time 
(three  clays)  aucl  too  much  attention,  and  the  repeated  use  oi' 
the  balance ; and,  if  applied  to  urine,  becomes  unsafe,  as 
other  matters  besides  sugar  are  decomposed  under  the  influ- 
ence of  ferment,  so  that  it  has  been  entirely  abandoned. 

Lactic  acid  fermentation. — In  an  alkaline  solution  and  in  con- 
tact with  putrefying  matters,  grape-sugar  is  transformed  into 
lactic  acid,  which  possesses  the  same  elementary  composition 
as  grape-sugar.  Lactic  acid  may  be  further  transformed  into 
butyric  acid,  according  to  the  following  diagram : 

C]2H12012  = CgH^Oj  + 4C02  + 4H. 

It  is  possible  that  the  discoveries  of  lactic  and  butyric  acid 
in  urine  by  some  sporadic  observers,  were  due  to  their  produc- 
tion by  ferments  from  sugar  or  other  fermentable  substances. 

Viscous  fermentation.  — Under  certain  not  well  defined 
conditions,  sugar  is  transformed  into  mannite  and  a viscous 
gum -like  substance.  This  fermentation  may  be  sometimes 
produced  in  diabetic  urine  by  allowing  it  to  stand  in  a 
stoppered  bottle. 

Quantitative  determination  of  Grape-sugar  by  volumetrical 

analysis } 

This  analysis  is  based  upon  Trammer’ s copper-test. 
An  alkaline  solution  of  oxyde  of  copper  is  decomposed 
by  grape-sugar,  as  already  described.  The  oxyde  of  copper 
is,  however,  only  perfectly  soluble  in  alkaline  fluids  con- 
taining a fixed  organic  acid,  such  as  citric  or  tartaric  acid. 
Such  an  acid  is  therefore  a regular  ingredient  of  the  solution 
to  be  described. 

Barreswill2  was  the  first  to  use  the  copper-test  for  the 
quantitative  determination  of  grape-sugar.  His  method 
was  afterwards  improved  and  extended  by  Fehling,3  who 
determined  the  proportions  between  copper-salt  and  grape- 
sugar,  aud  gave  a prescription  for  a test-fluid,  the  compo- 
sition of  which  seems  to  be  the  most  suitable  up  to  the  pre- 
sent time,  notwithstanding  the  many  attempts  at  improve- 
ments which  at  different  times  have  been  made. 

By  adding  a solution  of  grape-sugar  of  known  strength  to 
a solution  of  copper  of  known  strength,  until  the  latter  was 
perfectly  decomposed,  Fehling  found  that  one  equivalent  of 
grape-sugar  decomposed  10  equivalents  of  sulphate  of  copper, 
or  180  parts  of  grape-sugar  decomposed  1246-8  parts  of  sul- 

1 Mohr,  ‘ Titrirmethode,’  i,  p.  205. 

9 ‘ Ann.  d.  Chem.  und  Pharm.,’  Bd.  lxxii,  p.  100 

3 ‘ Journ.  d.  Pharm.,’  vi,  p.  301. 
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phate  of  copper,  or  5 parts  of  grape-sugar  decomposed  34'64 
parts  of  sulphate  of  copper.  If,  therefore,  34' 6 1 grammes  of 
sulphate  of  copper  are  dissolved  in  one  litre  of  fluid,  100  c.c. 
of  the  latter  correspond  to  0 5 grammes  of  grape-sugar.  The 
fluid  is  prepared  in  the  following  manner  : 

Preparation  of  test-fluid. — 34'64  grammes  of  pure  air-dry 
sulphate  of  copper  are  dissolved  in  160  grammes  of  distilled 
water.  In  the  one-litre  mixing-bottle  150  grammes  of  neu- 
tral tartrate  of  potash  are  dissolved  in  from  600  to  700  c.c.  of 
solution  of  caustic  soda  of  1T2  specific  gravity  : to  this  the 
solution  of  copper  is  added  gradually,  and  then  the  bottle  is 
filled  up  to  the  litre  mark  with  distilled  water. 

Application  of  the  fluid. — A known  bulk  (10  c.c.)  of  this 
fluid  (of  which  100  c.c.,  when  completely  reduced,  indicate 
the  oxydation  of  0'5  grammes  of  grape-sugar)  is  put  into  a 
capacious  china  dish,  diluted  with  a large  quantity  of  water, 
say  four  times  its  bulk,  and  heated  to  nearly  the  boiling  point. 
The  urine,  which  has  been  diluted  with  ten  or  twenty  times 
its  volume  of  water,  according  to  the  quantity  of  sugar  which 
in  probability  is  contained  in  it,  and  which  should  not  be  less 
than  0'5,  nor  more  than  1 per  cent.,  and  has  been  filled  into 
the  burette,  is  now  allowed  to  flow  into  the  boiling  solution  of 
copper.  The  suboxyde  of  copper  is  at  once  precipitated,  and 
its  red  colour  imparts  to  the  blue  fluid  a greenish-brown 
colour,  which  gradually,  under  the  cautious  addition  of  more 
sugar-solution,  is  transformed  into  a burning  red.  At  the 
same  time  the  blue  colour  of  the  mixture  is  fast  disappearing, 
and  when  it  has  become  quite  colourless  the  reaction  is  com- 
pleted. Towards  the  end  of  the  reaction  great  care  is 
required  not  to  add  an  excess  of  the  diabetic  urine,  as  the 
analysis  would  thereby  become  useless.  The  addition  of 
urine  in  drops  may  be  continued  as  long  as  it  produces  a 
light-yellow  cloud  on  the  surface  of  the  fluid.  This  is  newly 
formed  hydrate  of  the  suboxyde,  which  becomes  at  once 
transformed  into  the  red  variety,  free  of  water.  As  soon  as 
the  urine  on  being  dropped  in  ceases  to  produce  a fresh  cloud, 
it  is  necessary  to  remove  the  flame  from  underneath  the  dish, 
and  to  allow  the  precipitate  to  deposit.  If  the  fluid  appears 
quite  colourless,  the  reaction  is  completed.  If,  however,  the 
slightest  blue  tinge  remains  visible  on  the  white  china  dish, 
then  the  addition  of  another  drop  of  the  urine,  and  another 
ebullition,  is  almost  sure  to  remove  it ; and  so  on  until  the 
completion  of  the  reaction  is  attained.  The  amount  of  urine 
which  corresponds  to  the  known  amount  of  copper  solution 
of  known  strength  is  now  read  off  the  scale  on  the  burette, 
and  from  it  the  amount  of  sugar  in  the  urine  used,  and  that 
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secreted  within  a certain  period  of  time,  is  now  ascertained  by 
calculation.  If  therefore  10  c.c.  of  the  copper  solution  have 
been  taken,  the  amount  of  urine  used  for  the  reduction  con- 
tains O' 05  grammes  of  grape-sugar. 

By  this  method  it  is  possible  to  execute  an  analysis  in  about 
fifteen  minutes,  and  more  quickly  if  several  analyses  be  made 
in  succession. 

The  copper  solution  becomes  decomposed  by  keeping,  a 
part  of  the  tartaric  acid  being  transformed  into  racemic  acid, 
which  also  reduces  the  oxyde  of  copper  on  boiling.  If  therefore 
the  graduated  test-fluid  has  been  kept  for  some  time,  it  is 
necessary  to  ascertain  whether  it  has  formed  a precipitate  in 
the  bottle,  and  whether  it  is  precipitated  by  boiling.  In  the 
former  case  it  may  be  cleared  by  filtration,  and  afterwards 
regraduated  upon  a solution  of  sugar  of  known  strength.  If, 
however,  it  forms  a precipitate  on  boiling,  it  is  spoiled,  and 
must  be  thrown  away. 

Kletzinsky1  proposes  to  substitute,  for  tartaric  acid,  gly- 
cerine, which,  according  to  him,  makes  the  fluid  keep  longer. 
As  a crystallization  of  sulphate  of  potash  from  the  solution  is 
unavoidable,  according  to  his  prescription,  the  test-fluid 
cannot  at  once  be  prepared  for  quantitative  purposes,  and 
offers  therefore  disadvantages  which  more  than  counterbalance 
the  advantages. 


Optical  Saccharimetry . 

A most  accurate  method  of  ascertaining  the  presence  and 
quantity  of  sugar  in  solutions  has  been  based  by  Biot2  upon 
the  optical  properties  of  these  solutions.  Cane-sugar  and 
grape-sugar  divert  towards  the  right  the  plane  of  polarization. 
If  therefore  a fluid  contains  either  of  these  descriptions  of 
sugar,  and  no  other  active  substance,  the  quantity  of  sugar  in 
solution  may  be  accurately  ascertained  by  measuring  the 
degree  of  diversion  which  the  fluid  exerts  upon  the  plane  of 
polarization.  For  this  experiment  a very  convenient  appa- 
ratus has  been  constructed  by  the  mechanical  artist,  M.  Soleil,3 
in  Paris,  and  a very  similar  one  by  Mitscherlich,4  in  Berlin. 
Both  are  very  much  used  in  the  respective  countries  of  their 
inventors,  and  will  undoubtedly  become  more  generally  used 
for  the  saccharimetry  of  the  urine,  as  soon  as  the  price  of 

1 1 Wien.  Zeitschr.,’  x,  2. 

2 ‘ Cornpt.  rend./  xv,  pp.  619,  694  ; xvii,  p.  755. 

3 The  experiments  for  Soleil’s  apparatus  were  made  by  Clerget,  who  pub- 
lished several  papers.  Vide  ‘ Cornpt.  rend./  xxiii,  xxxii. 

* ‘ Lehrb.,  d.  Cheni./  4th  edit.,  Bd.  i,  p.  360. 
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the  instrument  shall  have  put  it  within  the  reach  of 
everybody. 

The  use  of  the  polarizing  apparatus  may  be  described  here 
after  Mitsclierlich. 

Before  proceeding  to  determine  the  amount  of  sugar  in  a 
solution  of  grape-sugar  (urine),  it  is  necessary  to  make  sure 
that  the  zero  point  of  the  apparatus  be  accurately  determined. 
This  is  the  case  when,  after  the  empty  tube  has  been  put  in 
its  place,  and  the  light  of  a lamp  has  been  placed  an  inch  or 
two  behind  the  posterior  aperture  of  the  apparatus,  and  in 
the  axis  of  the  tube,  the  posterior  aperture  appears  perfectly 
dark — almost  black — to  the  eye  looking  in  at  the  anterior 
aperture.  If  the  hand  which  moves  upon  the  graduated  circle 
surrounding  the  anterior  aperture  is  now  being  moved  from 
zero  towards  the  right  or  left  hand  side,  the  posterior  aperture 
becomes  gradually  lighted  up,  until  at  last  it  becomes  quite  a 
bright  circle,  the  light  being  most  intense  when  the  hand 
shows  90°  on  the  graduated  disc,  either  on  the  right  or  left. 
On  going  back  again  from  90°  to  zero,  the  observer  will  find 
that  the  posterior  aperture,  even  though  the  hand  be  exactly 
at  zero,  is  faintly  lighted  up  at  two  opposite  margins,  and  that 
the  diameter  of  the  circle,  which  runs  parallel  with  the  faintly 
illuminated  margins,  is  the  darkest  part  of  the  circle  or  spec- 
trum, and  appears  intensely  black.  This  blackest  part  must 
exactly  divide  the  spectrum  into  two  equal  halves,  when  the 
hand  indicates  zero  : the  apparatus  is  then  ready  for  use. 

If  the  tube  is  now  filled  with  a colourless  solution  of  sugar 
(diabetic  urine  is  mostly  quite  colourless,  and  scarcely  ever  re- 
quires treatment  with  animal  charcoal,  but  mostly  filtration) , 
and  put  into  its  former  place,  the  spectrum,  which  was  black 
before,  will  now  appear  illuminated  in  colours,  which,  when 
the  hand  is  again  turned  from  zero  to  90°,  appear  in 
the  following  succession  : yellow,  green,  blue,  violet,  red. 

The  formerly  darkest  line  of  the  spectrum  corresponds 
now  to  the  line  where  the  violet  and  blue  colour  change  into 
each  other,  and  this  line  is  the  zero  point  for  quantitative 
determinations. 

A little  practice  will  soon  accustom  the  eye  to  determine 
the  point  at  which  the  spectrum  is  divided  into  two  equal 
halves,  of  which  the  one  is  violet,  the  other  blue,  and  each 
colour  of  about  the  same  intensity. 

In  case  it  is  necessary  to  turn  the  hand  towards  the  right, 
in  order  to  obtain  the  above  succession  of  colours,  then  the 
fluid  is  said  to  divert  towards  the  right  the  plane  of  polari- 
zation, or  turn  towards  the  right  a pencil  of  polarized  light ; 
this  effect  is  obtained  by  a solution  of  grape-sugar  or  saccha- 
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rine  urine.  In  the  contrary  case,  the  plane  of  polarization  is 
said  to  be  diverted  towards  the  left. 

The  angle  in  which  the  hand  has  to  be  turned  is  propor- 
tionate to  the  concentration  of  the  fluid  and  the  length  of  the 
column  through  which  the  polarized  light  has  to  pass,  viz.,  to 
the  length  of  the  tube  in  the  apparatus.  In  Mitscherlich’s 
apparatus,  the  length  of  the  tube  is  200  millimetres  (7f 
English  inches) . 

Supposing  a fluid  of  a certain  concentration  to  be  put 
into  the  tube,  the  hand  standing  at  zero,  and  that  in 
order  to  see  one  half  of  the  spectrum  violet,  the  other  red, 
a rotation  of  the  hand  of  40°  be  required,  then  the  same 
fluid  in  a tube  of  half  the  length  would  turn  the  hand  only 
to  20°. 

On  the  other  hand,  if  15  grammes  of  sugar  be  dissolved  in 
any  certain  quantity  of  water,  and  the  solution  be  poured 
into  the  tube  so  as  to  fill  it ; and  if  then  the  hand  be  turned 
until  the  colours  of  the  zero  point  appear — for  which  we  will 
assume  a rotation  of  15°  to  be  requisite — then  a solution  of 
30  grammes  of  sugar  in  the  same  quantity  of  water  as  the 
15  grammes  were  dissolved  in,  when  filled  into  the  tube,  will 
require  exactly  double  the  rotation,  namely  303,  for  the  test- 
colours  to  appear. 

It  has  been  found  by  accurate  experiments  that  15  grammes 
of  pure  and  dry  grape-sugar,  when  dissolved  in  so  much 
water  that  the  solution  amounts  to  exactly  50  cubic 
centimetres,  will  make  a fluid,  a column  of  which,  200 
millimetres  in  length,  will  turn  the  plane  of  polarization  40° 
towards  the  right. 

Upon  the  basis  of  this  experiment  it  is  easy  to  determine 
the  amount  of  sugar  in  any  fluid.  Supposing  the  above  tube, 
full  of  bright,  faintly  yellow  diabetic  urine,  requires  a move- 
ment of  the  hand  from  0 to  30,  then 

40  : 30  = 15  : x 
30  x 15 

x = = 11-25 

40 

which,  in  other  words,  means  that,  with  a rotation  of  30°, 
there  are  1 T25  grammes  of  sugar  contained  in  50  cubic 
centimetres  of  this  diabetic  urine.  Another  equation  shows 
the  amount  of  sugar  contained  in  the  urine  passed  during  a 
certain  length  of  time. 

It  is  not  possible  to  approximative^  determine  the  amount 
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of  sugar  from  the  specific  gravity  of  urine.,  as  has  been  shown 
by  Dr.  Bence  Jones.1 


Pathological  indications  of  Sugar  in  Urine. 

It  has  been  stated  that  the  urine  of  healthy  persons  occa- 
sionally contains  sugar ; it  has  also  been  stated  that  the 
urine  of  pregnant  and  suckling  women  is  always  impregnated 
with  sugar,  in  the  latter  in  a direct  proportion  to  the  amount 
of  milk  secreted  by  the  breasts.  These  assertions  theo- 
retically, that  is,  viewing  them  from  the  aggregate  of  known 
facts,  seem  to  be  deserving  of  but  little  confidence.  It  is 
certainly  incumbent  upon  the  authors  who  made  those  asser- 
tions to  prove  that  the  substance  which  in  their  experiments 
gave  the  reaction  of  sugar,  was  really  grape-sugar  and 
nothing  else. 

In  the  course  of  some  cases  of  acute  disease,  the  temporary 
appearance  of  small  quantities  of  sugar  has  occasionally  been 
observed.  In  these  cases,  also,  doubt  has  not  been  perfectly 
excluded,  so  that  a pathological  explanation  cannot  be 
attempted. 

When  the  urine  contains  large  quantities  of  sugar  for  a 
length  of  time,  there  is  reason  to  believe  that  diabetes  mel- 
litus  is  present.  The  diagnosis  is  ensured  by  collateral 
symptoms  of  this  disease,  which  as  yet  has  eluded  the  most 
vigilant  researches  of  physiologists.  Some  of  these  symp- 
toms are,  a large  amount  of  urine  of  high  specific  gravity, 
great  thirst,  emaciation,  dry  skin,  the  appearance  of  boils, 
gangrene  of  parts  most  remote  from  the  circulating  centres, 
and  tubercular  consumption  of  the  lungs.2 

When  grape-sugar  in  concentrated  solution  is  injected  into 
the  veins  of  animals,3  a part  reappears  in  the  urine  after  a 
short  time.  When,  however,  the  solution  is  dilute,  although 
the  same  quantity  of  sugar  be  injected  in  such  solution  as  in 
the  concentrated  one,  no  sugar  appears  in  the  urine  after- 
wards. 

If  the  liver  be  freed  from  blood  by  washing  the  vessels 
with  water,  an  extract  made  of  a part  of  such  liver  will  yield 
no  sugar.  If,  then,  the  liver  be  allowed  to  remain  exposed 
to  the  air  for  a variable  length  of  time,  sugar  may  be  de- 


1 ‘ Med.  Times  and  Gaz.,’  February  4,  1854. 

4 For  a review  of  the  present  state  of  the  doctrine  of  diabetes  mellitus,  see 
Dr.  Garrod’s  Gulstonian  Lectures  on  Diabetes  and  Saccharine  Conditions  of  the 
Urine,  ‘ British  Med.  Journ.,’  April,  May,  and  June,  1857. 

3 C.  F.  Kersting,  ‘ Saccharum  sanguine  rcceptum  in  urinam  transire  probatur 
experinientis,’  Missense,  1845,  viii,  p.  12. 
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tected  in  the  liver.  It  must  have  formed  from  substances  in 
the  liver,  under  the  influence  of  oxygen,  as  in  an  atmosphere 
of  hydrogen  no  sugar  is  formed.  The  substance  found  in 
the  liver  by  M.  Cl.  Bernard,  and  capable  of  transformation 
into  sugar,  is  a body  nearly  allied  to  dextrine,  as  has  been 
confirmed  by  Pelouze. 

The  observation  of  M.  Cl.  Bernard,  that  the  liver  of  car- 
nivorous animals  always  contains  sugar,  does  not  prove  that 
sugar  is  formed  from  albuminous  substances.  The  meat  and 
flesh  eaten  by  carnivora  contains  inosite,  which  has  the  same 
elementary  composition  as  grape-sugar,  and  tastes  sweet,  and 
is  only  different  by  its  form  of  crystallization,  greater 
amount  of  water  of  crystallization  (4HO),  and  a few  tests 
and  reactions.  This  body  might  possibly  be  transformed 
into  grape-sugar.  It  has  long  since  been  known  that  the 
milk  of  carnivora  contains  sugar  proper  to  milk.  This  pos- 
sibly may  be  derived  from  the  inosite  of  flesh. 

There  is  no  foundation  for  the  opinion  of  M.  Mialhe, 
that  grape-sugar,  physiologically,  is  oxydized  by  the  media- 
tion of  the  bicarbonates  of  the  alkalies,  and  that  in  diabetes 
it  may  be  assimilated  by  means  of  these  salts. 

Some  authors  make  a difference  between  diabetic  sugar 
from  animals  and  grape-sugar  from  plants,  and  assign  to  them 
different  bearings  in  the  economy.  This  idea,  which  seems 
to  have  emanated  from  some  experiments  with  substances  of 
a doubtful  nature,  is  not  supported  by  such  evidence  as  can 
be  considered  sufficient  by  the  present  demands  of  che- 
mistry. 

The  quantity  of  sugar  in  the  urine  of  diabetic  patients  is 
diminished,  or  sugar  is  altogether  absent  for  a short  time, 
under  the  influence  of  the  following  circumstances  : 

Total  abstinence  from,  food. — Hence  the  urine  in  the  morn- 
ing is  sometimes  free  from  sugar. 

Perfect  rest  in  bed. — Sugar  becomes  less  in  quantity  and 
disappears  for  a day  or  two.  It  reappears  as  before  on  the 
patient  taking  exercise. 

Meat  diet  has  the  most  important  influence  upon  the 
quantity  of  sugar,  which  becomes  very  much  smaller.  It  is 
the  most  important  palliative  in  diabetes. 

The  remarkable  experiment  by  M.  Bernard,  in  which  a 
wound  inflicted  upon  the  bottom  of  the  third  ventricle  of  the 
brain  of  dogs,  causes  sugar  to  appear  in  the  blood  and  urine 
of  the  animal  in  a very  short  time,  remains  unexplained. 
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Elements:  C6H602  = C4H302 1 Carbon.  . . 62' 1 

C9Hq  j Hydrogen  . . 10  3 

Oxygen . . . 27"  6 

100-0 

Mode  of  obtaining  Acetone. 

Acetone  is  produced  by  the  dry  distillation  of  acetates, 
particularly  the  salts  of  lime,  baryta,  magnesia  or  lead,  or 
by  exposing  acetic  acid  to  red  heat.  It  is  further  one  of  the 
products  of  dry  distillation  of  sugar,  tartaric  acid,  and  other 
bodies,  and  as  such  occurs  in  the  common  pyroligneous  or 
pyroacetic  spirits. 

Physical  and  Chemical  Properties. 

Acetone  is  a colourless  thin  liquid  of  0-814  sp.  gr.  at 
0°  C.,  and  boils  at  56°  C.  It  is  soluble  in  water,  alcohol  and 
ether,  and  may  be  mixed  with  them  in  any  proportion.  Like 
alcohol,  it  dissolves  many  substances  which  are  insoluble  in 
water,  such  as  resins  or  pigments.  In  contact  with  the 
hydrate  of  an  alkali  and  oxygen  it  becomes  brown,  and 
transforms  into  a resinous  substance.  On  passing  the  vapours 
of  acetone  over  heated  potassa  lime,  hydrogen  is  evolved, 
acetate  and  formiate  of  potassa  remaining. 

Acetone  in  the  Urine  of  diabetic  patients} 

The  urine  of  diabetic  patients  has  a peculiar  odour,  which 
has  been  noticed  by  most  authors  on  the  subject  of  diabetes. 
Thus  Hodges  2 describes  the  odour  of  diabetic  urine  as  that 
of  sour  milk,  Corneliani  as  that  of  violets.  Tli.  Hodgkin  3 
remarks  that  glasses  which  have  during  a longer  time  served 
for  the  purpose  of  determining  the  specific  gravity  of  diabetic 
urine,  evolve  a distinct  odour  of  musk.  The  same  odorife- 
rous substance  occurs  in  other  excretions  of  these  patients. 

’ Petters,  Untersucliungen  liber  die  Honigharnruhr,  ‘ Vierteljahrsehiift  fiir 
die  Pract.  Heilkunde,’  Prag,  1857,  vol.  iii,  p.  81. 

2 ‘ London,  Med.  Gaz.,’  1843. 

3 ‘Assoc.  Med.  Journ.,’  1854,  No.  93. 
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It  was  noticed  by  Hodgkin  in  the  fseces,  containing  little 
colouring  matter  of  bile.  Rother1  found  that  the  body  of  a 
diabetic  patient,  who  had  been  treated  with  creosote,  smelled 
of  vinegar.  The  breath  of  diabetic  patients  is  compared,  by 
Brand,2  to  the  smell  of  apples,  and  to  the' breath  of  persons 
to  whom  pure  chloroform  has  been  administered.  Other 
authors  observed  the  odour  of  new  hav : and  Berndt  found 

i v ' 

the  breath  of  a patient  treated  with  creosote  to  give  first  the 
odour  of  horses’  urine  (from  the  creosote  or  carbolic  acid), 
and  afterwards  that  of  young  beer.  Petters  himself  found 
the  odour  very  peculiar,  a mixture  of  sweet  and  acid,  and 
compares  it,  in  a concentrated  form,  to  the  odour  of  a mix- 
ture of  chloroform  and  acetic  ether  or  aldehyde  ; when  dilute, 
however,  as  it  always  is  in  the  exhalations,  he  found  it  more 
like  that  of  very  dilute  ammonia, — under  all  circumstances, 
however,  so  peculiar,  as  frequently  to  lead  the  physician  to  the 
diagnosis  of  diabetes.  Petters  also  found  that  the  urine  of 
persons  suffering  from  measles  or  scarlatina  evolved  the  same 
odour. 

It  appears  that  Dr.  Lerch,  Director  of  the  Institute  for 
Animal  Chemistry  at  Prague,  suggested  to  Dr.  Petters  the 
probability  of  the  odoriferous  body  in  the  excretions  of 
diabetic  patients  being  acetone.  The  latter  author  succeeded 
in  establishing  the  presence  of  acetone  in  the  urine,  blood, 
and  most  parts  of  the  body  of  a patient,  of  whose  case  the 
following  is  a brief  outline. 

A Jewess,  thirty  years  old,  shopwoman,  was  admitted  into 
the  Prague  Hospital.  She  had  undergone  much  privation,  and 
consequent  depression  of  mind,  during  the  last  eighteen 
years.  Latterly  she  had  been  treated  as  an  out-patient  for 
constipation.  Five  weeks  before  admission  she  was  suddenly 
attacked  by  violent  pain  in  her  stomach,  and  repeated  vomit- 
ing. The  bowels  had  been  confined  during  six  days.  She 
was  relieved  by  a purgative,  and  returned  a week  afterwards, 
complaining  of  continued  great  thirst.  She  also  admitted 
to  pass  urine  more  frequently  and  in  larger  quantities.  Dr. 
Grim  established  the  diagnosis  of  diabetes  by  the  discovery 
of  sugar  in  her  urine.  The  symptoms  now  continued  to  in- 
crease in  intensity,  the  pain  in  the  stomach  and  vomiting 
returned,  and  she  at  last  consented  to  be  received  into  the 
hospital. 

On  her  arrival  she  vomited.  Her  tongue  was  found  a 
little  moist ; the  saliva  had  an  acid  reaction.  The  breath 


' ‘ Preuss.  Ver.  Zeitg.,’  1844,  No.  9. 
2 ‘Deutsche  Klinik,’  1850,  No.  6. 
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had  a strong  spirituous  odour.  The  examination  of  the  sys- 
tems of  respiration  and  circulation  revealed  no  lesion.  The 
urine  was  straAV -yellow,  of  a strongly  acid  reaction,  and 
T0315  specific  gravity,  contained  4 per  cent,  of  sugar,  much 
urea,  and  scarcely  a trace  of  uric  acid.  Besides  the  strong 
peculiar  odour,  it  offered  no  peculiarities.  The  patient  her- 
self complained  of  weakness,  thirst,  and  pain  in  her  stomach. 

On  the  morning  after  her  admission  she  was  in  a sort  of 
narcotized  condition,  and  gave  off  a spirituous  odour  similar 
to  that  of  chloroform,  which  was  so  intense,  that  after  a little 
time  it  became  perceptible  in  the  whole  ward,  and  was 
noticed  by  all  other  patients.  One  of  the  clinical  assistants 
was  misled  to  the  opinion  that  chloroform  had  been  adminis- 
tered to  the  patient  during  the  night.  The  patient  was 
almost  unconscious,  and  lay  there,  the  eyes  half  open,  and 
all  muscles  relaxed.  Her  skin  was  cool  (26‘4°  Ii.,  [91  5°  F., 
330°  C.,]  in  the  axilla;  26'0°  It.  in  the  mouth),  as  also  the 
tongue,  and  the  strongly  smelling  breath.  The  face  was 
slightly  hushed,  the  eyes  surrounded  by  a halo,  the  looks 
fixed.  The  patient  was  like  a person  half  under  the  in'iu- 
ence  of  chloroform ; her  extremities  dropped  like  paralysed 
on  being  raised,  and  a few  words  could  be  elicited  when  her 
consciousness  had  been  made  to  return  for  a moment  bv 
questioning  with  a loud  voice.  She  had  a small  pulse  of 
92  beats  per  minute.  The  abdomen  was  meteoristic.  As 
she  had  passed  no  water  since  the  night,  the  catheter  was 
applied,  and  a pound  of  urine  Avas  withdrawn,  which  was  pale 
yelloAv,  contained  sugar  (specific  gravity  1 ’027),  and  much 
of  the  odoriferous  principle.  Including  this  quantity,  the 
patient  had  only  passed  ninety-three  fluid  ounces  of  urine 
during  the  last  twenty-four  hours  ; the  secretion  of  urine 
then  ceased  entirely.  The  meteoristic  swelling  of  the  abdo- 
men increased,  she  complained  of  much  pain  in  the  stomach 
in  moments  of  returning  consciousness,  and  died  next  morn- 
ing, thirty  hours  after  the  beginning  of  this  extraordinary 
condition. 

The  post-mortem  examination  revealed  no  particular  lesion 
in  any  organ  except  the  intestinal  canal,  which  Avas  very 
much  distended  Avith  gas,  the  inner  surface  covered  with  a 
thick,  grayish-white  mucous  layer,  and  the  inner  membranes 
very  much  congested.  The  contents  of  the  stomach  were 
exactly  like  those  of  a fermenting  distiller’s  butt,  and 
consisted  of  a brownish,  flaky  mixture,  which  evolved  a 
spirituous  pricking  odour,  and  also  the  peculiar  odour  of  the 
other  secretions.  It  had  an  acid  reaction,  and  gave  the 
tests  for  grape-sugar.  The  microscope  revealed  some  fibres 
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of  flesh,  some  starcli-corpuscles  in  a disintegrating  condition, 
and  numerous  yeast-cells. 

The  urine  on  distillation  yielded  an  alkaline,  clear  fluid, 
which  had  the  odour  of  ammonia,  carbolic  acid,  and  an  em- 
pyreumatic  spirituous  substance;  and  after  neutralization  with 
dilute  sulphuric  acid  and  repeated  rectification,  allowed  the 
characteristic  odour  to  appear  more  freely.  The  distillate 
was  again  rectified  over  chloride  of  sodium,  and  afterwards 
once  more  for  itself  in  the  water -bath,  when  a colourless, 
clear  fluid,  strongly  refracting  light,  of  neutral  reaction  and 
biting  taste,  was  obtained,  which  was  easily  inflammable,  and 
burned  with  a bright,  strongly  lighting  flame.  Though  its 
odour  was  very  much  like  that  of  aldehyde,  yet  it  could  not 
be  that  substance,  as  it  had  a neutral  reaction.  There  was 
therefore  only  the  possibility  of  its  being  either  methyl- 
alcohol  or  acetone  left  over.  Methyl-alcohol  was  excluded,  as 
the  fluid  became  brown  when  mixed  with  sulphuric  acid.  As 
caustic  potash  produced  a brown  resinous  body  in  the  fluid, 
and  solutions  of  oxyde  of  silver  caused  no  reduction  in  it,  it 
could  be  nothing  else  but  acetone  (C6H602) . 

The  residue  of  distillation  contained  nothing  besides  car- 
bolic acid,  which,  according  to  Petters  (p.  89)  and  Stiideler, 
is  present  in  every  urine. 

The  blood  had  a strong  odour  of  acetone.  But  its  quantity 
was  not  sufficient  to  isolate  that  substance.  It  contained 
sugar,  and  was  faintly  alkaline.  The  watery  extract  of  the 
lungs,  subject  to  distillation,  yielded  a neutral  distillate, 
smelling  of  newly  baked  bread,  which,  after  repeated  recti- 
fication, under  addition  of  sulphuric  acid,  and  afterwards  of 
chloride  of  sodium,  lastly  after  distillation  from  the  water- 
bath,  gave  drops  which  strongly  smelled  of  acetone,  yielded 
the  above  reactions,  and  were  combustible. 

The  presence  of  acetone  in  the  urine  and  blood  was  there- 
fore established,  and  it  is  most  probable  that  to  the  anaes- 
thetic effect  of  this  substance,  diffused  through  the  whole 
system  as  it  was,  the  comatose  condition  and  fatal  end  of  this 
case  were  due. 

The  contents  of  the  stomach  did  not  yield  acetone,  but 
alcohol  seemed  to  be  present.  The  mucus  of  the  glandular 
surface  of  the  stomach,  after  the  latter  had  been  washed  with 
distilled  water,  was  found  to  possess  the  property  of  trans- 
forming starch  into  sugar  and  gum,  and  sugar  into  alcohol 
and  carbonic  acid.  The  contents  of  the  stomach  possessed 
the  same  power,  which  is  not  possessed  by  normal  gastric 
juice.  The  influence  of  saliva  was  carefully  excluded  by  Dr. 
Petters,  in  the  experiment  with  the  mucus  from  the  immediate 
glandular  membrane  of  the  stomach. 
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This  hydrocarbon  was,  in  1850,  discovered  by  Scherer,1  in 
the  mother-liquor  of  creatine,  obtained  from  the  juice  of 
the  muscle  of  the  heart.  It  was  afterwards  investigated  by 
Cloetta,2  who  found  it  in  the  parenchyme  of  most  organs, 
the  lungs,  spleen,  kidneys,  and  also  in  the  urine  of  a patient 
affected  by  Bright’s  disease.  Vohl3  found  a substance  in 
the  unripe  fruit  of  Phaseolus  vulgaris,  which  he  at  first 
termed  phaseomannite,  the  identity  of  which  with  inosite  he 
afterwards  demonstrated. 

Mode  of  obtaining  Inosite. 

When  the  inspissated  juice  of  flesh  (or  of  the  organs  men- 
tioned), from  which  creatine  has  been  obtained,  is  mixed  with 
strong  spirits  of  wine,  it  becomes  turbid.  When  put  aside, 
potash  salts  begin  to  crystallize,  but  on  further  addition  of 
spirits  of  wine,  inosite  crystallizes ; the  mother-liquor  is  now 
poured  off,  the  crystals  are  separated  mechanically,  and  by 

' ‘ Ann.  d.  Chem.  und  Phann.’  Bd.  lxxiii,  p.  322  ; lxxxi,  p.  375. 

a ‘ Ann.  d.  Chem.  und  Pharm.,’  Bd.  xeix,  p.  289.  ‘ Canstatt’s  Jahresbericht,’ 

iiber  1856,  vol.  i,  p.  180. 

3 Ibid. 
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means  of  a little  warm  water,  which  dissolves  inosite  quicker 
than  the  alkaline  salts,  and  deposits  it  on  cooling  in 
crystals. 

Physical  and  Chemical  Properties. 

Inosite  crystallizes  in  the  clinorhombic  system,  the  typical 
form  being  most  probably  a clinorectangular  prism.  The 
crystals  mostly  group  together ; more  rarely  they  are  single, 
and  then  become  sometimes  two  eighths  to  three  eighths  of 
an  inch  long.  When  exposed  to  the  air  they  decay  by  losing 
water  of  crystallization.  They  taste  very  sweet,  are  easily 
soluble  in  water,  little  soluble  in  strong  spirits  of  wine,  in- 
soluble in  alcohol  or  ether.  From  the  solution  in  boiling 
spirits  of  wine  almost  the  whole  of  the  inosite  crystallizes  on 
cooling  in  small  glistening  particles,  which  are  very  much  like 
cholesterine. 

Inosite  is  not  changed  by  boiling  with  dilute  sulphuric  or 
hydrochloric  acid,  or  with  caustic  alkalies. 

When  heated  above  210°  C.  (410°  F.),  it  fuses  into  a clear 
fluid,  which,  when  cooled  down  rapidly,  crystallizes  in 
needles,  but,  when  allowed  to  cool  slowly,  becomes  a horn- 
like amorphous  mass.  When  exposed  to  a stronger  heat, 
inosite  burns  with  a lighting  flame,  without  leaving  any 
residue. 

A concentrated  sohition  of  caustic  potash  produces  no 
change  of  colour  on  boiling  with  a solution  of  inosite ; no 
change  takes  place  when  heated  with  potash  and  sulphate  of 
copper;  with  bile  and  sulphuric  acid  inosite  does  not  yield 
the  reaction  of  sugar. 

Inosite  is  not  capable  of  undergoing  vinous  fermentation. 
But  a solution  of  it  treated  with  cheese  and  chalk  at  a tem- 
perature of  about  40  C.  (104°  F.)  for  some  length  of  time, 
produces  lactic  and  butyric  acid. 

If  a solution  of  inosite,  or  a mixture  containing  inosite,  is 
evaporated  in  a platinum  spoon  to  near  dryness,  and  the 
residue  moistened  with  ammonia  and  some  chloride  of  cal- 
cium, and  then  again  cautiously  evaporated  to  dryness, 
a vivid  rosy  colour  is  produced ; this  reaction  admits  of  the 
diagnosis  of  one  fiftieth  of  a grain  of  inosite. 
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The  elementary  composition  of  this  substance  is  unknown. 
It  contains  above  60  per  cent,  of  carbon,  and  about  6 per 
cent,  of  hydrogen,  the  rest  being  made  up  of  oxygen,  and 
a small  quantity  of  nitrogen. 

History. 

It  was  first  described  by  Proust  as  rosacic  acid,  and  be- 
lieved to  constitute  the  entire  bulk  of  the  lateritious  deposits. 
After  uric  acid  bad  been  found  in  these  deposits,  Prout  as- 
sumed purpuric  acid,  in  combination  with  ammonia  (which 
purpurate  of  ammonia  be  erroneously  believed  to  be  iden- 
tical with  the  murexide  of  Liebig  and  Wohler),  to  be  an 
admixture  to  these  deposits.  The  contemporaneous  researches 
of  Vogel,  Fromherz,  Guggert,  Duvernoy,  G.  Bird,  Simon, 
Scherer,  Landerer,  and  Heller  seemed  to  confirm  the  opinion 
of  Prout  as  to  the  acid  nature  of  purpurine,  but  the  inability 
of  chemists  to  produce  salts  of  this  substance  with  bases 
militates  against  that  opinion.  The  most  extensive  and  also 
the  most  productive  researches  on  this  substance  have  been 
made  by  Heller.1  But  notwithstanding  his  most  lucid  descrip- 
tion, little  attention  has  been  paid  to  this  substance,  and  this 
circumstance,  and  the  various  names  under  which  it  has 
passed,  have  produced  some  confusion  regarding  its  identity. 
Thus  Virchow2  erroneously  believes  G.  Bird’s  purpurine  to  be 
identical  with  cyanurine  or  uroglaucine. 

1 Ueber  das  Uroervthrin  als  Bestandtlieil  des  Harns  in  Krankheiten,  Heller’s 
‘ Arcliiv,'  vol.  vi,  p.  301. 

2 Virchow’s  ‘ Arcliiv,’  vol.  vi,  p.  260. 
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Occurrence. 

Urerytlirine  occurs  in  fresh  urine  generally  in  a dissolved 
state,  and  then  imparts  to  the  iiuid  a fiery  reddish-yellow, 
or  yellowish-red  colour,  sometimes  mistaken  for  blood,  or 
the  colouring  matter  of  medicines.  It  adheres  to  the  amor- 
phous deposits  of  urates,  imparting  to  them  the  various 
shades  of  colours,  but  not  to  deposits  of  earthy  phosphates. 
It  was  observed  by  Landerer1  in  the  perspiration  from  the 
axilla  of  a fever  patient,  an  occurrence  also  observed  re- 
peatedly by  Heller. 


Mode  of  obtaining  it  pure. 

The  deposits  of  urates  with  urerytlirine  adhering,  whe- 
ther formed  before  or  after  emission,  are  collected  on  a filter 
and  washed  with  water,  until  a portion,  on  being  burned 
on  platinum  foil,  no  longer  evolves  the  peculiar  odour  of 
burned  urine.  A considerable  loss  of  substance  necessarily 

V 

occurs  with  this  mode  of  washing,  as  also  with  the  subse- 
quent washing  with  alcohol.  After  this  operation  the  de- 
posit is  digested  with  warm  absolute  alcohol,  which  takes  up 
urerythrine,  and,  after  filtration  and  evaporation  at  a tempe- 
rature not  exceeding  50°  C.  (122°  F.),  leaves  it  in  the 
form  of  a red  amorphous  residue. 

If  urerythrine  occurs  in  the  urine  in  solution,  it  can  he 
obtained  therefrom  by  combining  it  with  an  artificial  preci- 
pitate. On  adding  to  the  clear  urine  a little  ammonia  or 
carbonate  of  ammonia,  so  that  it  remains  faintly  acid,  and  no 
precipitate  of  earths  occurs,  and,  after  shaking  and  letting 
it  stand  for  several  hours,  adding  a few  drops  of  acetic  acid 
and  letting  it  stand  again,  a pink  deposit  will  form  after  the 
lapse  of  a short  time,  which  is  then  treated  like  the  sponta- 
neous deposit  (Heller). 

On  dissolving  white  and  pure  urate  of  ammonia  in  urine, 
which  by  its  pmk  or  purple  colour  indicates  the  presence  of 
purpurine,  it  is  precipitated  on  cooling,  deeply  coloured  by 
the  purpurine  (G.  Bird). 

Urerythrine  can  only  be  ohtained  from  such  precipitates, 
and  never  by  evaporation  of  the  urine. 


i Buchner’s  * Repertorium,’  1st  ser.,  vol.  v,  p.  235.J 
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Physical  and  Chemical  properties . 

Urerythrine  is  an  amorphous,  lobster-red  substance.  When 
it  shows  a radiary  or  granular  crystalline  arrangement,  it  is 
impure.  It  has  a decidedly  acid  reaction,  and  thus  adds 
to  the  acidity  of  urine.  It  is  soluble  in  alcohol,  water,  and 
ether,  little  at  the  ordinary  temperature,  more  at  higher  tem- 
peratures. The  solutions  are  of  a pale  reddish-yellow  colour, 
which  is  never  saturated.  It  burns  on  platinum  foil  without 
exhibiting  any  particular  phenomena,  and  leaves  no  residue. 
Its  solution  in  water  is  precipitated  by  acetate  of  lead,  by 
nitrate  of  suboxyde  and  protoxyde  of  mercury,  and  by  salts 
of  baryta ; but  the  precipitates  are  only  loose  combinations, 
and  readily  yield  urerythrine  to  boiling  alcohol.  By  dilute 
acids  urerythrine  is  not  decomposed.  It  dissolves  in  concen- 
trated sulphuric  and  hydrochloric  acids,  and  thereby  under- 
goes a change.  Alkalies  impart  to  it  a yellowish  colour. 

Diagnosis  in  Urine . 

The  pink  colour  of  urine,  and  the  production  in  it  of  a 
light-pink  precipitate  by  the  addition  of  a great  excess  of 
acetate  of  lead,  ensure  the  diagnosis.  The  precipitate  produced 
by  acetate  of  lead  in  urine  destitute  of  urerythrine,  respective 
in  normal  urine,  is  white,  though  containing  uraematine.  The 
filtrate  from  this  precipitate  by  boiling  with  hydrochloric  acid 
yields  the  test  for  uroxanthine  (indican) . The  presence  of  the 
same  substance  is  indicated  by  the  filtrate  assuming  a violet 
colour  when  shaken  with  concentrated  sulphuric  acid.  When 
ether  is  shaken  with  this  acid  mixture  it  becomes  red  from 
urrhodine  (indigo  red)  ; and  from  the  blue  residue,  uroglau- 
cine  (indigo  blue)  may  be  obtained  by  boiling  with  alcohol. 

When  an  excess  of  ursematine  is  present  in  urine,  the 
precipitate  obtained  by  acetate  of  lead  assumes  a clay  colour 
without  anv  admixture  of  red.  An  excess  of  this  colouring: 
matter  does,  therefore,  not  prevent  the  pink  colour  of  the 
precipitate  by  lead,  due  to  urerythrine,  from  appearing,  in 
cases  where  urerythrine  is  present.  The  colouring  matter 
of  bile  stains  the  lead  precipitate  intensely  yellow,  and  then 
it  is  difficult  to  prove  the  presence  of  urerythrine. 

Urine  containing  urerythrine,  when  dropped  into  concen- 
trated hydrochloric  acid,  assumes  a peculiar  yellowish -red 
colour.  But  if  an  excess  of  uroxanthine  (indican)  be  present, 
the  violet  colour  produced  thereby  covers  the  colour  of 
urerythrine. 
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For  experiment,  urine  from  a case  of  acute  rheumatism  is 
best  suited. 

The  deposits  may  also  he  examined  for  urerythrine  by  dis- 
solving them  in  water  and  treating  the  solution  with  acetate 
of  lead.  From  this  precipitate  a purer  urerythrine  with  a less 
considerable  loss,  is  mostly  obtained. 

In  order  to  ensure  the  diagnosis  of  the  presence  of  urery- 
thrine, it  is  necessary  to  bear  in  mind  that  deposits  may  be 
coloured  red  by  the  following  substances  : 

1.  Only  in  strongly  alkaline  urine  by 
(a.)  Urrhodine  (colour  more  violet). 

(A.)  Precipitates  of  sennine  or  rheine. 

2.  In  acid  or  alkaline  urine  by 
(a.)  Urerythrine. 

(b.)  Blood-corpuscles. 

The  following  reactions  ensure  the  diagnosis  of  these 
substances : The  deposit,  from  which  the  fluid  has  been  re- 
moved by  decantation  or  filtration,  is  shaken  with  ether, 
which  assumes  a violet-red  colour  when  urrhodine  is  present, 
and  dissolves  the  entire  amount  of  this  substance. 

A part  of  the  deposit  is  acidulated  with  sulphuric,  hydro- 
chloric, or  acetic  acid ; if  the  colour  is  changed  into  citron 
yellow,  and  by  the  addition  of  ammonia  back  again  into 
red,  sennine  or  rheine  are  indicated. 

The  presence  of  albumen  or  coagulating  hsematoglobu- 
line  insures  the  diagnosis  of  blood. 


Pathology  of  Urerythrine . 

As  urerythrine  does  not  occur  in  healthy  urine,  its  occur- 
rence is  a symptom  of  disease.  It  occurs  more  frequently 
than  any  other  abnormal  substance ; but,  notwithstanding, 
its  exact  bearing  has  not  as  yet  been  ascertained. 

When  organic  medicines  and  compounds,  drastics,  mine- 
ral salts,  and  solvents  cause  diseases  of  the  intestinal  canal 
or  the  kidneys,  urerythrine  does  not  appear  in  the  urine. 
Tincture  of  cantharides,  for  example,  when  given  in  such 
doses  as  to  cause  albumen  and  blood  to  appear  in  the  urine, 
did  not  make  urerythrine  appear  in  the  urine.  Its  occurrence 
is  never  observed  to  accompany  diseases  of  the  kidneys. 

The  case  is  different,  however,  with  metallic  salts;  the 
compounds  of  lead,  copper,  mercury,  arsenic,  antimony,  and 
others,  even  when  given  or  ingested  accidentally,  even  in 
small  doses,  soon  cause  urerythrine  to  appear  in  the  urine. 
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When  taken  in  large  closes,  so  as  to  exert  poisonous  effects, 
they  cause  the  appearance  of  large  quantities  of  urerythrine  in 
the  urine.  As  urerythrine  frequently  appears  in  the  urine  in 
consequence  of  or  in  connection  with  diseases  of  the  liver,  in- 
dependent of  metallic  poisons,  and  as  the  latter  mostly  exert 
their  first  poisonous  action  in  the  liver,  it  becomes  likely 
that  the  liver  is  in  both  cases  the  place  where  this  substance 
is  produced. 

When  urerythrine  is  present  in  urine,  urannatine  is 
mostly  present  in  larger  quantities,  as  are  also  urea  and  uric 
acid.  The  quantities  of  inorganic  salts  are  variable.  Any 
deposits  that  may  occur  assume  a pink  colour. 

Uroxanthine  is  changing,  relatively  to  urerythrine.  In 
urine  from  cases  of  acute  rheumatism,  the  quantities  of  these 
substances  seem  to  stand  in  an  inverse  proportion  to  each 
other. 

Diseases  in  which  Urerythrine  most  commonly  occurs  in  the 

Urine. 

1.  Acute  rheumatism. — In  this  disease  it  is  almost  con- 
stantly present,  but  its  quantity  is  often  changing  periodi- 
cally. The  earthy  phosphates  appear  to  be  augmented. 

Pericarditis. — When  this  disease  sets  in,  the  earthy  phos- 
phates mostly  undergo  a rapid  diminution,  and  during  twelve 
hours  may  fall  from  the  highest  to  the  lowest  figure.  Then 
follows  sinking  of  the  chlorides,  until  they  disappear  entirely, 
and  some  albumen  mostly  makes  its  appearance.  At  this  stage 
the  quantity  of  urerythrine  present  is  very  large. 

Pneumonia,  pleuritis,  peritonitis,  and  acute  morbus  Brightii, 
when  complicated  with  acute  rheumatism,  show  the  same 
course  of  urerythrine  and  other  ingredients  of  the  urine. 

2.  Certain  diseases  of  the  liver , such  as  hypertrophy,  indu- 
ration, granular  liver,  are  accompanied  by  the  largest  amount 
of  urerythrine  that  ever  occurs  in  the  urine.  Ascites,  in 
consequence  of  liver  disease,  gives  a large  amount.  In  these 
cases  the  quantity  of  the  phosphates  is  normal,  and  the 
amount  of  ursematine  is  mostly  increased.  The  colouring 
matter  of  bile  is  only  present  in  cases  which  are  complicated 
by  obstruction  of  the  gall- duct. 

3.  Lead-colic  and  metallic  poisoning. — In  these  cases  the 
urine  is  similar  to  that  in  diseases  of  the  liver,  but  never 
contains  the  constituents  of  bile.  Lead  and  copper,  when 
causing  disease,  are  always  to  be  detected  in  the  urine ; the 
other  metals  in  many  cases.  Earthy  phosphates  are  variable. 
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4.  Intermittent  fever. — The  phosphates  are  variable ; urea 
is  mostly  diminished,  except  during  paroxysms. 

5.  Diseases  of  the  brain. — In  acute  cases  of  arachnitis  and 
meningitis,  the  amount  of  urerythrine  in  the  urine  is  always 
increased.  The  quantities  of  earthy  phosphates  and  of  urea 
arc  increased.  There  is  little  ammonia  and  albumen.  In 
chronic  diseases  of  the  brain,  such  as  hydrocephalus  and 
tubercles,  urerythrine  is  often  present.  Typhus  also  makes 
urerythrine  appear  in  the  urine,  together  with  an  excess 
of  earthy  phosphates,  particularly  when  brain-symptoms  are 
prevalent. 


CHAPTER  XXXIX. 


UROXANTHINE,  OR  INDICAN. 

UROGLAUCINE,  OR  INDIGO  BLUE.  URRHODINE,  OR  INDIGO  RED. 


History. 

Perhaps  the  earliest  record  of  the  occurrence  in  urine  of 
a blue  colouring  matter  is  that  by  Janus  Plancus.1  The 
first  chemical  description  of  a blue  or  violet  colouring  mat- 
ter occurring  in  urine  was  given  by  Braconnot,2  who  termed 
it  cyanourine,  and  though  he  found  that  it  had  some  simi- 
larity to  indigo,  believed  it  to  be  a separate  organic  base. 
There  are  several  cases  on  record,  where  a substance  corre- 
sponding in  character  to  cyanourine  was  discovered  in  urine. 
The  first  reliable  observation,  however,  of  the  occurrence  of 
indigo  in  urine  is  by  Prout.3  The  same  substance  afterwards 
also  occurred  to  other  observers. 

Heller4  succeeded  in  extracting  from  urine  a yellow  sub- 
stance, uroxanthine,  which  by  treatment  with  acids  at  a 
higher  temperature  he  could  divide  into  a blue  colouring 
substance,  uroglaucine,  and  a red  pigment,  urrhodine. 
Cyanourine  was  proved  by  him  to  have  been  a mixture  of 
these  two  bodies.  Kletzinsky5  showed  the  identity  of  uro- 
glaucine with  indigo  blue,  and  of  urrhodine  with  indigo  red. 
Virchow6  confirmed  the  observations  of  Heller,  which  had 
been  ignored,  doubted,  or  misrepresented7  by  many  authors. 

1 ‘ Commentarii  Instituti  Bononiensis,’  ad.  ann.  1767. 

3 ‘ Ann.  d.  Chinn  et  de  Pliys.,’  xxix,  p.  252. 

3 ‘ On  Stoniacli  and  Urinary  Diseases,’  3d  edit.,  p.  xcvi. 

4 Heller’s  ‘ Archiv,’  1845. 

* Ibid.,  vol.  vi,  p.  414. 

6 Virchow’s  1 Archiv,’  vol.  vi,  p.  259. 

7 Heller’s  observations  have  been  ignored  by  many  authors.  The  latest  among 
them  is  Neubauer,  who,  besides  his  own  case  of  blue  matter  obtained  from  urine, 
takes  no  notice  of  hundreds  of  similar  instances  observed  before  him. 

Heller’s  observations  have  been  doubted  even  by  such  chemists  as  Robin  and 
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lie  also  found  that,  when  much  indigo-producing  substance 
was  present,  the  urine  gave  the  copper-test  for  sugar.  lie 
also  obtained  uroglaucine  from  every  concentrated  urine. 
Latterly  Schunck1  found  indican,  identical  with  Heller’s 
uroxanthine,  in  urine,  which  indican  he  had  before  dis- 
covered to  be  the  chromogen  contained  in  indigoferous 

Verdeil.  On  this  indifference  Virchow  justly  remarks  in  his  article  quoted 
above;  these  authors  might  have  avoided  inflicting  a great  injustice  upon 
llellcr  by  their  groundless  objections,  if  they  had  chosen  to  satisfy  themselves  by 
the  experiment.  The  same  applies  to  Dr.  G.  Bird,  who,  in  p.  331,  expresses  him- 
self as  follows:  “Dr.  Heller  has  lately  stated  that  these  curious  deposits  are 
merely  metamorphosed  uroxanthin  or  yellow  colouring  matter  of  urine,  and  has 
applied  the  name  of  uroglaucine  to  the  blue  pigment.  He  assumes,  therefore, 
that  it  is  identical  with  what  I have  described  as  purpurine,  produced  by  the 
action  of  hydrochloric  acid  upon  previously  warmed  urine.  The  statements  of 
Heller,  however,  are  mixed  up  with  certain  inaccuracies,  and  can  hardly  be  ad- 
mitted without  more  minute  investigation.”  As  Hassall,  in  p.  308  of  his  last 
paper  in  the  1 Philosophical  Transactions,’  has  similarly  misrepresented  Heller,  I 
may  here  correct  both  errors  at  once.  Heller  never  stated  that  uroxanthine  was 
the  ordinary,  normal,  or  yellow  colouring  matter  of  urine.  To  that,  he  applied 
the  name  of  urophaeine.  From  1845  to  1857,  Heller  has  always  asserted  that 
there  is  scarcely  a trace  of  uroxanthine  in  healthy  urine,  and  that  its  occurrence 
in  urine  in  any  appreciable  quantity  was  strictly  pathological.  Heller  never 
assumed  uroglaucine  to  be  identical  with  Dr.  G.  Bird’s  purpurine;  to  this  sub- 
stance he  applied  the  name  of  uroerythrine,  and  described  its  properties  with  the 
most  minute  details.  He  also  maintained  that  uroerythrine  was  destroyed 
during  the  evaporation  of  urine,  while  Dr.  G.  Bird  obtained  his  purpurine,  not 
only  from  the  deposits  of  urates,  but  also  by  extracting  with  alcohol  the  residue 
of  the  evaporation  of  urine.  Urerythrine  and  purpurine  are  consequently  only 
identical,  so  far  as  they  occur  as  the  colouring  principles  of  deposits  of  urates. 
The  production  of  purpurine  by  the  influence  of  hydrochloric  acid  upon  the 
normal  colouring  matter  of  urine,  is  Dr.  Bird’s  exclusive  property.  The  names  of 
urophaeine  and  urerythrine,  Heller  has  adopted  from  Simon.  Heller  is  there- 
fore, inp.  115  of  Dr.  Bird’s  work,  misrepresented  as  having  applied  the  name  of 
urrhodine  to  what  Simon  had  called  urerythrine,  after  Dr.  Bird  had  given  it  the 
name  of  purpurine.  Urrhodine  may  turn  out  to  be  identical  with  purpurine  and 
urerythrine,  but  Heller  kept  them  distinct.  Urerythrine  he  found  ready  in 
the  urine;  urrhodine  he  produced  from  a substance,  which  he  was  the  first  to 
discover,  uroxanthine.  The  crystals  of  uroglaucine  described  by  Heller,  and 
stated  by  Dr.  G.  Bird  (p.  114)  and  Messrs.  Robin  and  Verdeil,  to  be  uric  acid 
merely  tinted  by  changed  colouring  matter,  are  really  crystals  of  indigo,  as 
Virchow  also  confirms,  and  as  the  most  trivial  experiment  can  confirm.  Uric 
acid  crystals  could  never  be  obtained  in  the  manner  in  which  Heller  obtained 
his  crystals  of  uroglaucine. 

At  p.  115  of  the  edition  of  Dr.  G.  Bird’s  work  by  Dr.  Birkett,  there  is, 
indeed,  a foot-note,  in  which  uroxanthine,  uroglaucine,  and  urrhodine  are  men- 
tioned in  succession,  and  in  which  it  is  stated  that  the  experiments  regarding 
uroxanthine  and  urrhodine  were  so  incomplete  as  not  to  admit  of  any  conclusion. 
Three  years  ago  these  experiments  were  so  complete,  that  the  latest  discoveries 
of  Dr.  Schunck  have  fully  borne  them  out.  It  is  surprising  that  on  the  same 
page  the  clearest  proved  facts  should  be  doubted,  where  such  coin  as  “sulphur 
extractive  ” is  taken  for  good  cash. 

I hope  that  my  remarks  will  contribute  to  put  a stop  to  so  general  a con- 
fusion, in  which  even  Virchow  participated,  by  believing  the  purpurine  of  Dr. 
Bird  and  rosacic  acid  of  Proust  (not  Prout)  to  be  identical  with  cyanourine  and 
uroglaucine. 

1 ‘ Phil.  Mag.,’  S.  4,  vol.  xiv,  No.  93,  Oct.,  1857,  p.  288. 
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plants,  and  which,  under  the  influence  of  acids  or  ferments, 
yields  indigo  blue,  a peculiar  kind  of  sugar,  and  a small  quan- 
tity of  other  products.  Schunck  found  indican  in  almost 
every  urine ; and  his  observations  strongly  support  the  opinion 
that  indican  is  a normal  ingredient  of  human  urine  and  the 
urine  of  many  animals. 


UROXANTHINE,  OR  INDICAN. 

The  cliromogen  of  indigoferous  plants  is  a peculiar  colour- 
less substance,  which  has  been  obtained  (from  Isatis  tinctoria 
for  example)  by  extraction  with  alcohol,  precipitation  of  the 
extract  by  acetate  of  lead,  and  decomposition  of  the  pre- 
cipitate, first  by  carbonic  acid,  afterwards  by  hydrothion, 
when  it  remained  in  solution  in  the  filtrate.  On  evaporation 
there  remains  a gum-like  mass,  indican,  which,  when  boiled 
with  acids,  yields  indigo  blue,  a peculiar  description  of  sugar, 
and  a small  quantity  of  other  matters. 

This  indican  had  long  been  discovered  and  described  by 
Heller,  who  did,  however,  not  observe  that  sugar  was  one  of 
the  products  of  its  decomposition  by  acids ; but,  having  dis- 
covered the  generation  of  indigo  blue  and  indigo  red  under 
the  influence  of  these  agents,  he  shared  the  error,  then  almost 
general,  of  uroxanthine  and  the  cliromogen  of  the  indigo- 
ferous plants  being  white  or  reduced  indigo. 

Heller  precipitated  urine  by  acetate  of  lead,  and  evapo- 
rated the  filtrate  to  dryness  at  a low  temperature.  He  then 
extracted  it  with  ether,  which  after  evaporation  left  uro- 
xanthine. 

Schuuck,  having  ascertained  the  peculiar  nature  of  indi- 
can, proceeded  to  obtain  evidence  of  its  presence  in  urine, 
in  the  following  manner  : 

When  muriatic  or  sulphuric  acid  is  added  to  urine,  the 
mixture  on  being  heated  becomes  brown,  and  begins  to  de- 
posit dark-brown  flocks,  which  increase  in  quantity  when  the 
heating  is  continued.  When  these  flocks  are  filtered  off, 
washed,  and  dried,  they  form  a compact,  dark-brown  mass, 
from  which  cold  alcohol  extracts  a resinous  matter,  leaving 
undissolved  a brown  powder,  which  dissolves,  however,  in  a 
boiling  mixture  of  alcohol  and  ammonia.  This  powder  re- 
sembles, but  is  not,  indifuscine,  one  of  the  products  of  the 
decomposition  of  indican. 

If  the  liquid  filtered  from  these  flocks  be  mixed  with  a 
salt  of  oxyde  of  copper  and  an  excess  of  caustic  soda,  it  be- 
comes greenish,  and  if  after  being  filtered  it  be  heated  for 
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some  time,  it  gradually  deposits  a tolerably  large  quantity  of 
suboxyde  of  copper,  which  is  a proof  of  the  presence  of 
sugar.  That  the  latter  has  been  formed  during  the  process, 
and  did  not  pre-exist,  may  be  ascertained  by  previously 
heating  a portion  of  the  urine  with  a salt  of  copper  and 
caustic  soda,  before  treating  the  remainder  of  it  with  acid. 
Samples  of  urine,  which,  when  tried  in  this  way,  afforded 
very  doubtful  or  no  indications  of  their  containing  sugar, 
were  found,  after  being  boiled  with  acid,  then  filtered  and 
made  alkaline,  to  reduce  oxyde  of  copper  in  a very  marked 
manner.  This  reaction  proves,  that  there  is  contained  in 
urine  some  body,  which  by  decomposition  with  acids  yields 
sugar,  the  browTn  flocks  precipitated  at  the  same  time  being 
probably  the  substance  with  which  the  sugar  was  originally 
associated  in  the  form  of  a copulated  compound.  Schunck 
found  that  the  composition  of  these  flocks  was  expressed  by 
the  formula  C14H7N04,  which  is  also  that  of  anthranilic  acid, 
a product  of  the  decomposition  of  indigo  blue. 

Indican,  or  uroxanthine,  is  soluble  in  w ater,  alcohol,  and 
ether.  By  decomposition,  under  the  influence  not  only  of 
boiling  acids,  but  also  of  ferments,  it  yields  indigo  blue, 
indigo  red,  and  sugar,  as  the  principal  products. 

Occurrence  of  Indican. 

According  to  Heller,  uroxanthine  is  present  in  the  largest 
proportion  in  those  specimens  of  urine  from  patients,  which 
on  addition  of  hydrochloric  acid  assume  a blue  tint.  Such 
urine  occurs  most  frequently  in  diseases  of  the  serous  mem- 
branes, the  kidneys,  and  the  spinal  marrow.  Schunck  has 
demonstrated  the  existence  of  indican  in  almost  every  speci- 
men of  healthy  urine,  and  thus  confirms  Virchow,  who  had 
already  found  that  indigo  blue  might  be  obtained  by  Heller’s 
process  from  almost  every  concentrated  urine. 


Products  of  the  Decomposition  of  Indican. — Indigo  Blue  and 

Indigo  Red. 

Elements : C1(.II5N02,  identical  in  both  substances 
(Schunck). 


Mode  of  obtaining  these  substances  pure. 

a.  From  the  indigo  of  commerce. — When  the  indigo  of 
commerce  is  boiled  with  dilute  acetic  acid,  indigo  glue  goes 
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into  solution,  and  may  be  obtained  from  it  by  evaporation, 
as  a yellowish,  varnish-like  mass,  which  is  soluble  in  water 
and  alcohol.  The  substance  thus  freed  of  indigo  glue  is 
next  treated  with  solution  of  caustic  potash,  which  dissolves 
indigo  brown.  This  latter  substance  may  be  precipitated 
from  the  solution  in  potassa,  by  the  addition  of  sulphuric  acid, 
in  the  shape  of  a voluminous  brown  mass,  which  possesses 
an  acid  reaction.  Indigo  thus  treated  with  acid  and  alkali 
yields  to  boiling  alcohol  a red  colouring  matter,  indigo  red 
(indirubine  of  Schunck),  which  on  evaporation  of  the  alcohol 
remains  in  the  form  of  a reddish-brown  powder,  soluble,  with  a 
dark-red  colour,  in  alcohol  and  ether.  On  heat  being  ap- 
plied to  it,  it  is  partly  sublimated  without  decomposition ; 
another  part  is  decomposed,  and  yields  a sublimate  of  colour- 
less crystals.  After  the  extraction  of  indigo  red  there  re- 
mains indigo  blue , which  constitutes  the  greater  bulk  of  the 
substance  originally  employed.  This  indigo  blue  may  be 
further  purified  in  the  following  manner. 

Crystalline  indigo  blue  by  sublimation. — Roughly  powdered 
indigo  is  placed  in  a shallow  china  dish,  and  heated  cau- 
tiously. On  the  surface  of  the  fragments  there  are  formed 
reticular  masses  of  crystals,  consisting  of  pure  indigo  blue. 
When  heated  in  a glass  tube,  indigo  evolves  purple  fumes, 
which  suddenly  condense,  and  settle  on  the  surface  of  the 
powder  from  which  they  were  evolved.  It  is,  however,  im- 
possible to  conduct  the  sublimation,  so  as  not  to  destroy  a 
part  of  the  indigo  by  overheating.  For  the  production  of 
larger  quantities  of  pure  indigo  blue,  the  following  process  is 
therefore  more  profitable. 

Crystalline  indigo  blue  by  reduction. — On  mixing  powdered 
indigo  with  grape-sugar,  spirits  of  wine,  and  concentrated 
solution  of  caustic  soda,  and  immediately  closing  the  bottle 
and  letting  stand  for  some  time,  a yellow  solution  of  indigo 
white,  or  reduced  indigo,  in  the  alkali,  results,  by  the  grape- 
sugar  withdrawing  one  equivalent  of  oxygen  from  the  indigo 
blue.  If  the  clear  fluid  is  now  decanted,  and  exposed  to  the 
air,  the  reduced  indigo  takes  up  again  the  lost  equivalent  of 
oxygen,  and  becomes  indigo  blue,  which  is  slowly  deposited 
in  a crystalline  form. 

Amorphous  indigo  blue  by  reduction. — If  common  indigo 
is  mixed  with  caustic  lime  and  a solution  of  sulphate  of  sub- 
oxyde  of  iron,  and,  the  air  being  excluded  at  the  same  time, 
is  allowed  to  stand  for  some  time,  the  suboxyde  of  iron  by 
withdrawing  oxygen  transforms  indigo  blue  into  indigo 
white,  which  latter  is  soluble  in  lime.  When  the  clear 
yellow  solution  is  poured  into  dilute  hydrochloric  acid,  and 
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tlie  mixture  is  exposed  to  the  air,  the  indigo  white  rapidly 
absorbs  oxygen,  and  is  precipitated  in  the  form  of  indigo 
blue. 

Physical  and  chemical  properties. — The  crystalline  indigo 
blue  forms  purple,  scaly  crystals.  The  amorphous  modifi- 
cation possesses  a blue  colour  with  a purple  hue,  and  by 
friction  becomes  of  a glistening,  copper-red  colour.  In  the 
form  of  a subtle  powder,  it  is  blue.  It  has  neither  taste 
nor  flavour,  and  is  insoluble  in  water,  alcohol,  ether,  and 
dilute  acids  and  alkalies. 


b.  Heller’s  method  of  obtaining  indigo  blue  and  indigo  red 
from  pathological  urine. — The  fresh  urine  is  precipitated  by  a 
hot  solution  of  acetate  of  lead,  the  filtrate  is  quickly  freed 
from  lead  by  hydrothion,  and  the  excess  of  the  latter  is  removed 
from  the  filtrate  by  boiling.  This  hot  fluid  is  now  poured  in 
small  portions,  under  constant  stirring,  into  an  equal  volume 
of  highly  concentrated,  fuming,  pure  hydrochloric  acid.  The 
fluid  becomes  indigo  blue,  bluish-green,  and  very  dark.  If 
the  mixture  becomes  only  violet  or  red,  no  deposit  of  indigo 
will  be  obtained.  But  if  it  becomes  blue,  and  is  allowed  to 
stand  for  some  time,  a copper-red,  shining,  metal-like,  dark- 
blue  crystalline  pellicle  appears.  The  fluid  after  twelve 
hours’  standing  is  diluted  with  an  equal  portion  of  cold 
water,  shaken,  and  put  aside  for  twenty-four  hours.  A de- 
posit, frequently  inches  high,  settles  towards  the  bottom ; it 
is  separated  from  the  fluid  by  filtration,  washed  with  boiling 
water  until  the  washings  have  a neutral  reaction,  then  washed 
with  some  dilute  spirits  of  wine;  lastly,  it  is  dried  in  the 
water-stove,  and  over  sulphuric  acid. 

The  blackish-blue  mass  on  the  filter  assumes  a copper-red, 
metallic  lustre,  when  polished  by  friction  with  the  nail. 

The  perfectly  dry  filter  is  now  washed  with  pure  ether,  so 
long  as  a red-coloured  filtrate  is  obtained;  the  ethereal  fil- 
trates are  collected  (they  have  an  acid  reaction),  and  on 
evaporation  leave  an  nncrystallizable,  brownisli-red  resin 
(pigmento-resinous  acid),  whose  solutions  in  alcohol  and 
ether  present  so  beautiful  a red  colour,  that  Heller  gave  this 
substance  the  name  of  urrhodine.  If  the  last  portion  of 
ether  has  left  the  filter  quite  uncoloured,  a point  up  to  which 
large  quantities  of  ether,  and  a corresponding  amount  of 
time,  are  generally  required,  then  the  substance  on  the  filter 
is  quite  free  from  urrhodine,  and  is  now  dried.  All  that  part  of 
the  paper  which  shows  no  blue  deposit  is  now  cut  off ; the 
rest  is  cut  into  small  pieces,  put  into  a balloon,  and 
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boiled  strongly  with  alcohol  of  083  to  0*9  specific  gravity. 
The  alcohol  is  poured  off  as  often  as  it  assumes  a sky- 
blue  or  greenish-blue  colour,  and  the  residue  is  extracted  with 
a new  portion  of  boiling  alcohol,  until,  on  protracted  and 
violent  boiling,  the  alcohol  remains  colourless.  In  this,  as 
in  the  above  operation  with  ether,  the  operator  must  be  pre- 
pared for  a considerable  expense  in  time  and  alcohol. 

The  alcoholic  extracts,  which  have  an  acid  reaction,  are 
filtered  while  boiling  hot,  and  then  evaporated  down  to  about 
half  the  bulk,  and  put  aside  in  a well-closed  bottle.  After 
the  fluid  has  become  cool,  in  some  cases  after  protracted 
standing,  uroglaucine  is  precipitated  in  spider-like,  petaloid 
attempts  at  crystals.  The  supernatant  alcohol  becomes  quite 
colourless. 

Both  urrhodine  and  uroglaucine  contain  a certain  quantity 
of  nitrogen  ; they  burn  on  platinum  foil  without  leaving  any 
residue.  Their  tests  are  so  stereotyped  and  unchangeable, 
even  when  prepared  from  the  most  varied  descriptions  of  urine, 
that  they  may  be  considered  as  chemically  pure  chemical 
individuals. 

Heller  , found,  several  times,  that  urine  which  contained  a 
deposit  of  uroglaucine  produced  by  spontaneous  decom- 
position of  the  fluid,  and  consequently  had  a greenish-blue 
tint,  became  yellow  by  standing  in  a well-corked  bottle.  But, 
when  air  was  admitted  into  the  bottle,  and  the  urine  shaken 
with  it,  it  became  blue  again.  This  process,  which  appeared 
very  similar  to  the  reduction  of  indigo  in  putrefying  urine, 
used  in  dyeing,  was  also  observed  by  Kletzinsky  in  a case  of 
disease  of  the  spine,  with  paralysis  of  the  bladder.  Heller 
found,  that  when  uroglaucine  was  boiled  with  an  alcoholic 
solution  of  potassa,  the  solution  appeared  green ; but  when 
the  heating  was  continued  during  a certain  time,  and  the 
temperature  raised  to  a certain  point,  the  fluid  suddenly  be- 
came red.  On  cooling  it  became  green  again,  and  red  on 
heating,  and  so  several  times,  until  at  last  it  permanently 
lost  its  colour,  a yellow  shade  being  all  that  remained. 
These  reactions  caused  Kletzinsky  to  compare  uroglaucine 
with  indigo  blue,  and  the  results  of  his  examinations  make  it 
evident  that  uroglaucine  is  identical  with  indigo  blue,  and 
urrhodine  with  indigo  red. 

1.  Chemically  pure  indigo  blue  (obtained  from  indigo  by 
purifying  it  with  acids,  alkalies,  and  water,  and  reducing 
the  residue  by  means  of  sugar  and  potash,  and  oxydizing  the 
reduced  indigo  in  the  air)  was  found  soluble  in  boiling 
alcohol,  with  a sky-blue  colour,  when  newly  precipitated ; and 
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on  cooling  and  standing,  it  was  deposited  in  the  identical 
forms  of  uroglaucine. 

2.  Uroglaucine,  deposited  from  alcoliol,  dissolved  on  tritu- 
ration in  the  semihydrate  of  sulphuric  acid  = S03 : S03  + HO, 
and  formed  a saturated  blue  solution,  which,  on  immediate 
dilution  with  water,  deposited  traces  of  a purple  substance. 
The  blue  solution  was  left  in  contact  for  several  hours  with 
sheep’s  wool,  previously  freed  from  fat ; after  that  time, 
the  wool  was  found  coloured  blue,  and  the  solution  was 
colourless.  The  wool  remained  blue  on  being  washed  with 
soap  and  water.  But  on  boiling  with  a hot  solution  of 
sesquicarbonate  of  ammonia,  it  gave  up  the  blue  colour. 
This  is  the  exact  bearing  of  the  coupled  acids  of  indigo  and 
sulphuric  acid,  namely,  sulphindigotic  and  sulphophenicic 
acids. 

3.  Indigo  blue  obtained  as  a precipitate  by  oxydation  of 
reduced  indigo,  was  soluble  with  a green  colour  in  a hot 
alcoholic  solution  of  potassa ; the  solution,  at  a certain  heat, 
became  red,  and  showed  the  same  changes  as  described  for 
uroglaucine. 

4.  Uroglaucine,  digested  in  a closed  bottle,  either  with 
sugar  and  potash,  or  with  orpiment,  water,  and  excess  of  alkali, 
yielded  a solution,  which  was  not  blue,  but  which,  on  being 
shaken  with  air,  deposited  a bluish  ring  at  the  top.  The 
spontaneous  reduction  in  putrid  urine  is  parallel  to  this. 
The  alcoholic  and  sulphuric  acid  solutions  of  uroglaucine  and 
chemically  pure  indigo  blue  have  both  the  property  of  being 
transformed,  under  absorption  of  hydrogen,  into  a colour- 
less body  (reduced  indigo,  indigogene),  when  brought  to- 
gether with  hydrochloric  acid  and  zinc.  Oxydation  on  the 
air  restores  the  blue  colour  to  the  pigment,  which  becomes 
insoluble. 

6.  Pure  uroglaucine,  produced  by  alcohol,  was  heated  be- 
tween two  watch-glasses;  a purple  fume  arose,  which,  when 
inhaled  in  small  portions,  caused  sneezing  and  coughing,  and 
condensed  in  coppery -red  microscopic  needles,  just  like 
sublimated  indigo  blue. 

7.  Any  solution  of  uroglaucine,  when  heated  with  con- 
centrated nitric  acid,  yielded  a yellow  solution,  which  became 
orange  on  the  addition  of  potash;  on  evaporation  on  an 
object-glass,  it  left  microscopical  prisms,  which  deflagrated  on 
heating,  and  were  therefore  like  pikronitrate  of  potash.  They 
had  a bitter  taste. 

8.  Solutions  of  uroglaucine  and  indigo  blue  became  brown 
when  treated  with  ozonized  air,  which  was  passed  through 
by  means  of  a common  aspirator.  On  evaporation  they 
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yielded  reddish-yellow  microscopical  prisms,  which  became 
beautifully  red  with  caustic  potash  (isatine,  oxyde  of 
indyl) . 

9.  Sulphurous  acid  had  no  effect  upon  either  uroglaucine 
or  indigo  blue.  Hyposulphites  in  watery  solution,  in  well- 
closed  bottles,  discoloured  and  reduced  both ; and,  when 
exposed  to  the  air,  both  became  blue. 

10.  Indigo  red,  dissolved  in  boiling  alcohol,  was  obtained 
in  flakes  on  cooling : it  was  soluble  in  ether,  easier  than  in 
alcohol ; almost  insoluble  in  water  and  acetic  acid ; soluble 
in  sulphuric  acid,  with  a yellow  colour.  These  are  the  pro- 
perties of  urrhodine,  with  which,  moreover,  it  shares  the 
property  of  being  partially  sublimated  in  colourless  masses, 
perhaps  crystals,  which  become  red  by  nitric  acid. 

11.  The  alcoholic  solutions  of  both  urrhodine  and  indigo 
red  bleach  in  hydrochloric  acid  and  zinc,  and  become  red  again 
when  under  the  influence  of  air,  and  shaken  with  it. 

The  above  tests  prove,  that  uroglaucine  and  indigo  blue 
have  the  same  physical  properties,  the  same  company,  the 
same  coupled  acids,  the  same  products  of  oxydation  and 
reduction.  There  is  only  wanting  the  elementary  analysis, 
in  order  to  be  quite  sure  that  uroglaucine  is  C16Hr)N02. 

According  to  Kletzinsky,  indigo  taken  internally  does  not 
reappear  in  the  urine,  but  increases  the  amount  of  uric  acid 
Secreted. 

c.  SchuncJc’s  method  of  obtaining  indigo  blue  from  ordinary 
urine. — When  acetate  of  lead  is  added  to  urine,  it  produces 
a cream-coloured  precipitate,  which  consists  of  chloride,  sul- 
phate, phosphate,  and  urate  of  lead,  and  contains  also  a little 
of  the  extractive  (colouring,  Tli.)  matter  of  urine,  which 
is,  as  it  were,  merely  mechanically  adhering  to  some  of  these 
lead  compounds,  as  it  is  not  precipitated  by  acetate  of  lead 
from  a pure  watery  solution.  The  urine,  which  after  being- 
filtered  from  these  precipitates  is  much  paler  in  colour  than 
it  was  before  the  addition  of  acetate  of  lead,  gives  with  basic 
acetate  of  lead  a second  precipitate  of  a pale  cream  colour, 
which  consists  of  the  lead  compound  of  the  extractive  matter 
mixed  with  some  basic  chloride  of  lead.  Both  this  and  the 
first  precipitate  give,  when  treated  with  sulphuric  or  muri- 
atic acid,  yellow  liquids,  which,  after  being  filtered  from  the 
sulphate  or  chloride  of  lead,  and  boiled,  yield  brown  flocks 
exactly  like  those  obtained  from  urine  itself.  The  liquid 
filtered  from  the  precipitate  obtained  with  basic  acetate  of 
lead  is  almost  colourless.  It  gives,  on  the  addition  of  am- 
monia, an  almost  white  precipitate,  the  quantity  of  which 
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is  much  less  than  that  of  either  of  the  other  tAvo  precipitates. 
Noav  this  precipitate  contains  in  most  instances,  in  combi- 
nation with  oxyde  of  lead,  a small  quantity  of  the  substance, 
Avhich,  by  decomposition  with  acids,  yields  indigo  blue.  For, 
if  the  precipitate  is  decomposed  by  acids,  the  filtrate  deposits 
indigo  blue  on  standing. 

The  following  proceeding  dispenses  Avith  the  first  precipi- 
tation and  filtration.  The  urine  having  been  mixed  with 
basic  acetate  of  lead  until  no  more  precipitate  is  produced,  is 
filtered,  and  after  the  precipitate  has  been  Avashed  Avith  Avater, 
the  liquid  is  mixed  Avith  an  excess  of  ammonia,  which  always 
produces  more  or  less  of  a Avliite  or  yelloAvish-white  precipi- 
tate. This  precipitate  is  collected  on  a filter,  slightly  washed 
with  water,  and  then  treated  Avith  dilute  sulphuric  or 
muriatic  acid  in  the  cold.  After  the  Avhole  of  the  oxvde  of 

v 

lead  has  combined  with  the  acid  employed,  the  liquid  is 
filtered.  When  there  is  much  of  the  indigo-producing  body 
present,  the  filter  acquires  a blue  tinge,  small  particles  of 
blue  pigment  are  seen  dotting  the  surface  of  the  sulphate  or 
chloride  of  lead,  and  the  surface  of  the  liquid,  which  is  of  a 
broAvnish-purple  colour,  in  a very  short  time  becomes 
covered  Avith  a thin  pellicle,  which  is  blue  by  transmitted,  and 
copper-coloured  by  reflected  light ; particles  of  the  same  blue 
substance  being  at  the  same  time  found  attached  to  the  sides- 
of  the  vessel.  When  there  is  less  of  the  indigo-producing 
body  present,  this  pellicle  only  appears  after  some  time, 
sometimes  not  until  the  next  day.  After  tAventy-four  hours, 
lioAvever,  the  action  of  the  acid  is  ahvavs  completed,  so  that  if 
no  indigo  blue  then  appears,  or  can  be  detected  on  examination 
of  the  deposit,  the  total  absence  of  the  indigo-producing  body 
may  be  inferred.  On  the  succeeding  day,  lioAvever  large  the 
quantity  of  blue  deposit  formed  may  be,  the  liquid  no  longer 
appears  purplish,  but  broAvn,  and,  after  being  filtered  and 
boiled,  deposits  a dark-broAvn  powder,  having  exactly  the 
same  appearance  as  that  produced  by  the  action  of  acids  on 
the  ordinary  extractive  matter  of  urine.  The  matter  left  on 
the  filter,  after  being  washed,  is  treated  with  caustic  soda, 
which  dissolves  a portion,  acquiring  thereby  a brown  colour. 
The  portion  Avliich  remains  undissolved,  after  being  again 
collected  on  a filter  and  washed,  is  treated  with  boiling 
alcohol.  In  most  cases,  the  alcohol  thereby  acquires  a 
bright  blue  colour.  When,  however,  the  quantity  of 
deposit  formed  is  tolerably  large,  the  boiling  alcohol*  first 
dissolves  another  substance,  Avliich  imparts  to  it  a fine  pur- 
ple colour,  and  Avhich  is  identical  Avith  indigo  red  (Schunck’s 
indirubine,  Heller’s  urrhodine).  That  Avhich  the  boiling 
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alcoliol  leaves  undissolved  is  a bright  blue  powder,  having 
the  properties  of  indigo  blue.  It  dissolves  in  an  alkaline  so- 
lution of  protoxyde  of  tin,  and  the  solution  on  exposure  to  the 
air  becomes  covered  with  a blue  film.  It  is  soluble  in  con- 
centrated sulphuric  acid,  forming  a blue  solution,  which  re- 
mains blue  even  after  dilution  with  water.  It  imparts  to 
boiling  alcohol  a bright  blue  colour,  and  the  solution  on 
cooling  and  standing  deposits  blue  flocks.  When  heated  in 
a tube,  it  gives  a purple  vapour,  which  forms  on  the  colder 
parts  of  the  tube  a blue  sublimate. 


Metamorphoses  of  Indigo  blue. 

I have  already  mentioned  the  most  important  metamor- 
phoses of  indigo  blue,  when  detailing  the  modes  of  obtaining 
it  pure  and  the  evidence  of  the  identity  of  indigo  blue  and 
uroglaucine.  It  may  be  well  to  recapitulate  theoretically 
these  metamorphoses,  and  to  add  those  not  yet  mentioned. 

By  the  reduction  of  indigo  blue,  indigo  white  is  ob- 
tained. This  process  is  effected  according  to  the  following 
formula : 


C16H,NO,—  O + HO  = c16h6no2. 

Indigo  blue.  Indigo  white. 

By  the  oxydation  of  indigo  blue,  we  obtain  in  the  first  in- 
stance isatine,  which  contains  two  equivalents  of  oxygen 
more  than  indigo  blue. 

c1(in,m  + 20  = c16h6no4. 

Indigo  blue.  Isatine. 

Under  the  continued  influence  of  oxydizing  agents,  such  as 
nitric  acid,  isatine  is  transformed  into  nitro- salicylic  acid, 
lastly  into  picric  acid.  The  compounds  obtained  from  isatine 
by  chemical  substitution  are  very  numerous.  Under  the  in- 
fluence of  ammonia  it  forms  a series  of  remarkable  amides. 

Under  the  influence  of  a concentrated  solution  of  caustic 
potassa  and  boiling,  giving  free  access  to  the  air,  or  adding 
manganese  to  the  mixture,  anthranilic  acid  is  being  formed. 
The  substance  having  the  composition  of  this  acid  was  ob- 
tained by  Schunck  from  urine,  by  the  action  of  strong  acids. 
It  remains  to  be  ascertained  whether  this  substance  is  iden- 
tical, or  only  isomeric  with  anthranilic  acid. 
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The  formation  of  anthranilic  acid  from  indigo  blue  takes 
place  after  the  following  formula  : 

C16H5N02  + 2HO  4-  40  = C14II7N04  + 2C02. 

" ' V ^ " 

Indigo  blue.  Anthranilic  acid. 

Physiology  of  Indican. 

Schunck  has  succeeded  in  obtaining  indigo  blue  from  urine 
in  so  great  a number  of  instances,  that  it  is  probable  that 
indican  will  in  future  have  to  be  placed  among  the  normal 
constituents  of  urine.  It  certainly  occurs  more  frequently 
than  any  of  the  abnormal  ingredients  of  urine.  Urines  con- 
taining this  substance  exhibit  no  remarkable  or  peculiar  ap- 
pearance whatever;  they  are  acid,  clear,  and  of  the  usual 
colour.  Its  occurrence,  at  least  if  its  quantity  is  moderate, 
is  not  to  be  considered  as  a pathological  phenomenon.  Its 
presence  is  not  attended  by  any  symptoms  of  ill  health,  or 
feelings  of  discomfort.  The  state  of  health  and  the  appear- 
ance of  the  urine  do  not  permit  any  conclusions  to  be  drawn 
as  to  the  presence  or  absence  of  this  indigo-producing  sub- 
stance. 

A small  number  of  samples  of  urine  from  patients,  which 
Schunck  had  an  opportunity  of  examining,  yielded,  with  one 
exception,  no  more  indigo  blue  than  the  generality  of  healthy 
urines.  Heller,  however,  found  more  uroxanthine  to  be  pre- 
sent in  the  urine  from  persons  labouring  under  diseases  of  the 
serous  membranes,  the  kidneys,  and  the  spinal  marrow. 
Perhaps  concentration  is  mainly  the  condition  upon  which 
the  success  of  a search  for  indigo  in  urine  depends.  Virchow 
could  obtain  indigo  blue  from  every  concentrated  urine. 
Now,  as  the  urine  of  patients  is  mostly  a fluid  of  a much 
higher  specific  gravity  than  the  urine  of  healthy  individuals, 
these  different  observations  would  herein  find  a reconcilia- 
tion. 

The  physiological  quantity  of  the  chromogen  in  urine 
must  be  exceedingly  small.  By  working  for  several  weeks 
on  the  urine  of  two  individuals,  which  contained  a compara- 
tively large  quantity  of  chromogen,  Schunck  obtained  one 
grain  of  indigo  blue. 

The  urines  of  forty  different  individuals,  all  of  whom  were 
apparently  in  a good  state  of  health,  yielded,  with  one  ex- 
ception only,  more  or  less  indigo  blue,  when  examined  in  the 
manner  described.  These  individuals  belonged  to  both  sexes, 
and  they  were  of  ages  varying  from  seven  to  fifty-five.  The 
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majority  were  persons  of  the  working  classes.  The  largest 
quantity  of  indigo  blue  was  obtained  from  the  urine  of  a man 
above  the  age  of  fifty,  a publican  by  trade.  The  urine  of  a 
young  man,  aged  thirty-two,  a servant,  yielded  almost  as 
large  a quantity.  Among  the  rest,  the  urine  of  a young 
man,  aged  twenty-five,  an  engraver ; that  of  a clerk,  aged 
twenty-three ; and  that  of  a girl,  aged  twelve,  who  had  been 
a cripple  from  infancy,  were  alone  remarkable  for  the  amount 
of  indigo  blue  which  they  yielded.  In  all  these  cases,  the 
indigo  blue  was  accompanied  by  the  substance  imparting  to 
alcohol  a purple  colour,  indirubine  or  urrhodine.  The  other 
specimens  afforded  much  less,  sometimes  mere  traces.  In 
all  cases,  however,  in  which  the  urine  of  the  same  individual 
was  examined  at  different  times,  the  amount  of  indigo  blue 
obtained  from  it  was  found  to  vary  exceedingly,  it  being 
sometimes  considerable,  and  occasionally  dwindling  down 
to  a mere  trace.  It  was  only  very  rarely,  however,  that 
none  was  found.  In  the  case  of  the  individual  first  referred 
to,  the  urine  gave  on  one  occasion  not  a trace,  and  this  took 
place  when  he  was  engaged  in  performing  labour,  unusual 
for  him  both  in  its  nature  and  amount.  In  Dr.  Scliunck’s 
own  case,  as  well  as  in  that  of  his  assistant,  the  amount 
varied  most  capriciously  from  a tolerable  quantity  to  a mere 
trace,  occasionally  even  none  at  all  being  obtained. 

Several  experiments  with  different  kinds  of  diet,  in  order 
to  ascertain  the  effect  on  the  amount  of  indigo  blue  yielded 
by  the  urine,  led  to  no  very  decisive  results. 

Of  two  samples  of  urine  from  patients  with  albuminuria, 
one  gave  a small  quantity  of  indigo  blue,  the  other  not  a 
trace.  Several  specimens  of  diabetic  mine  yielded  it,  and 
one  of  them  a much  larger  quantity  than  had  been  obtained 
from  any  other  specimen  of  human  urine. 

The  urine  of  the  horse  and  the  cow,  when  tried  in  the 
same  way  as  human  urine,  gave  comparatively  very  large 
quantities  of  indigo  blue,  especially  that  of  the  horse. 
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Formula : C12Hfi02. 

History  and  Occurrence. 

Phenylic  acid  was  discovered,  by  Runge/  in  tar  obtained 
by  the  distillation  of  coal.  It  is  now  an  article  of  whole- 
sale manufacture,  and  passes  in  commerce  by  the  name  of 
creosote.  It  occurs  in  castoreum  together  with  salicine, 
both  substances  probably  resulting  from  the  barks  of  poplars 
and  willows,  the  common  food  of  the  beaver  (Wohler). 
Stadeler1 2  obtained  it  in  small  quantities  from  the  urine  of 
man,  the  horse,  and  the  cow.  After  the  internal  or  ender- 
matic  application  of  creosote,  or  substances  containing  it, 
such  as  tar,  phenylic  acid  appears  in  the  urine.  Such  urine 
frequently  is  black,3  or  deposits  a black  precipitate  of  tar- 
like matter,  a part  of  which  may,  perhaps,  have  some  re- 
lation to  indigo. 


Mode  of  obtaining  it  pure. 

a.  From  coal  tar.  Coal  tar  is  subjected  to  distillation, 
and  the  products,  which  pass  over  at  a temperature  of  from 
150°  to  200°  C.  (302°  to  392°  F.),  are  collected,  mixed  with  a 
concentrated  solution  of  potassa,  in  which  phenylic  acid  is 
soluble.  From  this  salt  the  acid  is  separated  by  means  of 
hydrochloric  acid,  and  by  distillation  over  chloride  of  calcium 
is  obtained  anhydrous. 

1 ‘Poggend.  Annal.,’  xxxi,  p.  69;  xxxii,  p.  308. 

2 ‘Annal.  <1.  Client.  and  Pharni.,’  lxvii,  p.  360;  lxxvii,  p.  17. 

3 See  the  cases  by  Dr.  McLeod,  ‘ Medical  Gazette,’  vol.  ii,  1834-35,  p.  599. 
Elliotson,  ‘ Med.-Cliir.  Transact.,’  vol.  xix,  p.  237.  H.  M.  Hughes,  ‘Guv’s 
Hospital  Rep.,’  3d  series,  vol.  ii,  p.  52,  where  also  several  observations  of  Dr. 
Hermann  Weber  are  quoted. 
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b.  From  urine  of  cows.  Stadeler  obtained  plienylic  acid 
from  this  fluid  by  first  removing'  hippuric  acid  in  the  usual 
way,  with  lime  and  hydrochloric  acid.  The  mother-liquor  he 
subjected  to  distillation,  and  the  distillate  to  repeated  recti- 
fication. The  rectified  fluid  was  distilled  over  hydrate  of 
potassa,  the  residue  was  partly  saturated  with  sulphuric  acid, 
again  distilled,  the  distillate  rectified  by  chloride  of  sodium, 
and  saturated  with  carbonate  of  soda.  The  oily  matter  thus 
separated  was  taken  up  with  ether,  the  ether  evaporated, 
and  the  residue  again  distilled  over  potassa ; the  rest  of  the 
acid  was  evolved  from  the  potassa  by  the  addition  of  bi- 
carbonate of  potassa.  By  continued  fractional  distillation 
almost  pure  plienylic  acid  was  obtained. 

c.  From  human  urine,  after  the  endermic  administration 
of  tar,1  or  the  internal  use  of  creosote.  In  two  cases  of 
psoriasis,  tar  was  rubbed  over  the  whole  surface.  Three 
hours  after  the  first  inunction,  the  urine,  which  before  had 
been  clear  and  straw-yellow,  became  amber-yellow,  and  de- 
posited uric  acid  in  colourless  plates.  The  urine  which  was 
passed  after  twelve  hours  was  dark  brownish-black,  deposited 
a large  sediment  of  coloured  uric  acid,  and  emitted  the  cha- 
racteristic odour  of  tar.  These  peculiarities  the  urine  re- 
tained during  the  entire  course  of  the  tar  treatment. 

When  the  brownish-black  urine  was  left  to  spontaneous 
decomposition,  which  generally  ensued  on  the  fifth  or  sixth 
day,  it  assumed  a dark-green  ( lauchgriin ) colour,  on  the 
appearance  of  alkalescence,  and  then  went  through  all  the 
stages  of  ordinary  decomposition. 

The  fact  of  the  urine  depositing  uric  acid  so  completely, 
that  hydrochloric  acid  did  not  produce  any  further  precipitate, 
suggested  the  probability  of  the  presence  of  an  abnormal 
acid  in  the  urine.  After  the  addition  to  the  urine  of  some 
sulphuric  acid,  it  was  subjected  to  distillation,  whereby  an 
acid  distillate  was  obtained,  which  emitted  a strong  odour  of 
tar,  was  milky,  but  cleared  up  gradually,  and  deposited  dark- 
brown  drops,  which  were  like  creosote.  A chip  of  pine- 
wood,  moistened  with  hydrochloric  acid,  and  dipped  into  the 
clear  watery  fluid,  gradually  assumed  a bluish-green  colour. 
The  addition  of  chloride  of  iron  to  this  fluid  produced  a 
dark-brown  mixture,  and  an  excess  of  the  chloride  produced 
a brown  adhering  precipitate.  Nitrate  of  silver  produced  a 
white  precipitate,  which,  on  the  addition  of  ammonia,  or 
simply  on  warming,  was  reduced  to  metallic  silver.  Neutral 
acetate  of  lead  produced  a white  precipitate.  When  chlorine 

Fetters,  W.,  ‘ Prager  V i erteljal  1 rscb rift / 1855,  vol.  iii,  p.  12C>. 
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gas  Avas  passed  through  the  fluid,  it  assumed  an  orange 
colour,  and  deposited  a brown  resinous  precipitate.  The 
solution  on  the  addition  of  nitric  acid  became  reddish- 
brown  ; sulphuric  acid  produced  a pink,  rosy  colour  at  the 
bottom  stratum  of  the  fluid,  the  supernatant  fluid  becoming 
turbid  like  milk.  Under  the  influence  of  chromic  acid,  the 
solution  became  black.  These  tests  are  characteristic  of 
carbolic  acid. 

After  repeated  rectification  of  the  original  distillate,  a pale, 
yellowish,  oily  liquid,  of  the  odour  of  creosote,  AAras  obtained, 
which,  on  the  addition  of  caustic  potash,  transformed  into  a 
magma  of  white  crystals,  Avhicli  had  the  smell  of  mint 
(krausemunze) . This  potash  salt  dissolved  in  water,  had  a 
very  agreeable  odour,  and  therefore  must  have  contained 
eupione,  besides  carbolic  acid.  It  yielded  a pale,  yellowish 
distillate,  which  after  removal  of  the  water  by  means  of 
chloride  of  calcium,  became  clear  and  colourless,  of  an  oily 
consistence,  and  scarcely  emitted  any  odour.  It  burned  with 
a sooty  flame,  had  a corrosive  taste,  blistered  the  skin,  began 
to  bubble  at  a temperature  of  203°  C.  (397  °F.),  boiled 
betAveen  215°  and  220°  C.  (419°  and  428°  I\),  and,  with  the  ex- 
ception of  the  first  part  of  the  distillate,  remained  fluid  even 
at  a temperature  of — 25°C.  ( — 13°  F.)  The  elementary  analysis 
of  this  fluid  yielded  the  folloAving  results  : 

Found,  C = 68-55  Calculated,  C = 69‘90 
H = 6-41  H = 6/9 

O = 2504  O = 23-31 


100-00  100-00 

From  these  figures  results  the  formula  C12H602  + IIO,  which 
corresponds  to  carbolic  acid  plus  one  equivalent  of  water. 
This  latter,  however,  was  undoubtedly  merely  an  admixture 
of  water,  from  Avhicli  the  substance  could  not  be  freed  entirely 
before  the  combustion. 

When  the  urine  was  neutralized  vrith  lime,  it  yielded  an 
ammoniacal  distillate,  Avhicli,  after  removal  of  the  ammonia 
by  neutralization  with  sulphuric  acid,  left  a residue  from 
which  alcohol  extracted  a substance  having  the  smell  of  tar, 
and  depositing  in  brown  flakes  on  evaporation  of  the  alcohol. 
The  nature  of  this  substance  could  not  be  ascertained  any 
closer,  as  its  quantity  Avas  too  small.  A similar  substance 
could  be  extracted  from  the  fresh  urine  by  means  of  alcohol. 
"When  shaken  with  ether,  the  latter  extracted  from  the  urine 
a purple  matter,  which  after  evaporation  became  dark  red, 
and  was  fusible. 
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Carbolic  acid  could  only  be  obtained  from  the  urine  after 
the  addition  of  sulphuric  acid.  It  must  therefore  have  been 
in  combination  with  a base  not  ascertained. 

Carbolic  acid  could  not  precipitate  uric  acid  from  its  solu- 
tion, as  it  is  a weaker  acid  than  even  carbonic  acid, 
and  is  driven  out  of  its  compounds  by  the  latter. 
Another  acid  was  therefore  present  in  the  urine,  and  pre- 
cipitated uric  acid. 

Dr.  Petters  is  of  opinion  that  most  of  the  constituents 
of  tar  may  enter  the  organism,  and  pass  out  by  the  urine. 
The  residue  from  which  the  volatile  substances  had  been  dis- 
tilled off,  yielded  an  alcoholic  extract,  which  on  evaporation 
gave  a black,  tough,  tar-like  deposit.  This,  after  crystal- 
lization of  the  salts  and  resolution  in  alcohol,  deposited  a 
substance  on  the  admixture  of  water,  which  had  the  odour  of 
tar,  was  resinous,  and  underwent  no  further  changes. 

Physiology  of  Phenylic  acid. 

Phcnylic  acid  when  introduced  into  the  animal  economy 
is,  at  least  in  part,  excreted  unchanged.  In  case  the  food  of 
man  should  contain  this  acid,  its  occurrence  in  human  urine 
would  be  accounted  for.  Smoked  and  dried  meat  certainly 
contains  a small  amount  of  this  acid,  together  with  other 
substances,  the  products  of  dry  distillation.  There  is,  how- 
ever, nothing  improbable  in  the  opinion,  that  phenylic  acid 
may  be  a collateral  product  of  the  oxydation  of  aliments. 
For  as  it  is  found  in  the  urine  of  animals  feeding  on  matters 
which  have  not  been  proved,  and  d priori  could  not  be  sup- 
posed, to  contain  phenylic  acid  ready  formed,  we  are  driven 
to  the  conclusion  that  it  is  formed  in  the  body. 

Frericlis  and  Wohler  proved  phenylic  acid  to  be  a poison. 
A few  drops  of  it  killed  rabbits  and  dogs  in  a quarter  of  an 
hour.  Most  probably  the  creosote  and  tar  treatment  is  only 
tolerated  by  patients  because  these  substances  are  being  con- 
stantly eliminated  by  the  kidneys.  In  some  of  Petters’s 
cases  the  inunction  with  tar  caused  symptoms  of  poisoning. 
These  substances  are  the  last  refuge  of  despairing  empirical 
therapeutics.  Creosote  is  useful  in  septic  conditions,  but  the 
healing  effects  of  tar  are  mostly  of  an  imaginary  nature. 


CHAPTER  XLI. 


DAMALURIC  ACID. 


Formula:  C14Hn03  + HO. 

History. 

Discovered  by  Stadeler  in  the  urine  of  man,  the  horse, 
and  the  cow. 


Physical  and  Chemical  properties. 

Damaluric  acid  is  an  oily  liquid,  of  an  odour  resembling- 
valerianic  acid,  heavier  than  water,  but  somewhat  soluble  in 
it.  It  differs  from  plienylic  acid,  in  the  property  of  redden- 
ing litmus,  Avhich  plienylic  acid  has  not. 

Compounds. 

With  baryta  this  acid  forms  a salt,  crystallizing  in  groups 
of  needles.  The  salt  with  silver  is  a white  powder,  which 
does  not  decompose  on  exposure  to  the  air.  The  former  is 
soluble  in  water,  strongly  alkaline,  does  not  fuse  on  heating, 
and  leaves  carbonate  of  baryta  on  combustion,  which  retains 
the  original  form  of  the  salt.  Damaluric  acid  produces  a 
precipitate  in  a solution  of  basic  acetate  of  lead,  which  under 
the  microscope  appears  crystalline. 

Mode  of  obtaining  it  pure. 

Stadeler  distilled  the  urine  of  the  cow  with  sulphuric  acid, 
and  thereby  obtained  an  acid  distillate, . which  was  decom- 
posed by  means  of  carbonate  of  soda.  The  solution  of  the 
soda  salts  thus  obtained  was  freed  from  phenylic  and  taurylic 
acid  by  means  of  ether,  evaporated,  and,  after  addition  of 
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sulphuric  acid,  again  subjected  to  distillation.  From  the 
distillate  the  baryta  salt  was  obtained,  which  contained 
39’ 18  per  cent,  of  baryta.  The  silver  salt  contains  49'36  per 
cent,  of  oxyde  of  silver. 

Stadeler  distinguishes  further  damolic  and  taurylic  acids  as 
ingredients  of  human  or  animal  urine.  Without  doubting  in 
the  least  the  correctness  of  his  observations,  it  is  just  to 
say,  that  the  existence  of  these  acids  is  not,  as  yet,  suffi- 
ciently established  for  me  to  describe  them  at  full  length  in 
this  treatise. 


CHAPTER  XLIL 


OXALIC  ACID 


Formula  : 2HO  . C406  — C4O4I  n r „ n 

'^4C12W3‘ 

Composition  of  one  equivalent  in  100  parts  : 

Carbon  = 24*0  . . 26*667 

Hydrogen=  2*0  . . 2'222 

Oxygen  = 64*0  . . 71*111 

90*0  . . 100*000 

History  and  Occurrence. 

The  sal  acetosellse  had  been  known  and  used  for  a long 
time,  when,  in  1784,  Scheele1  described  a proceeding  01 
separating  oxalic  acid  from  it  by  acetate  of  lead,  and  also 
discovered  the  identity  of  this  oxalic  acid  with  the  acid  found 
by  Bergmann2  to  be  the  principal  product  of  the  oxydation 
of  sugar  by  means  of  nitric  acid. 

Oxalic  acid  is  one  of  the  most  frequent  products  of  the 
oxydation  of  organic  matter  by  artificial  processes.  Its  com- 
pounds are  very  frequent  in  plants,  where  the  acid  repre- 
sents most  probably  the  first  stage  of  the  reduction  of  carbonic 
acid.  Thus,  binoxalate  of  potash  was  formerly  manufactured 
from  certain  species  of  oxalis,  in  which,  as  in  certain  species 
of  rumex,  it  is  found  in  considerable  quantities.  The  parallel 
soda  salt  is  found  in  certain  plants  familiar  at  the  seashore, 
or  in  the  neighbourhood  of  salt-works,  salicornia  and  salsola ; 
the  latter,  like  “ lucus  a non  lucendo,”  termed  salsola  kali. 
Oxalate  of  lime  enters  largely  into  the  construction  of  many 

' ‘ Opusc.,’  vol.  ii,  p.  187. 

2 Ibid.,  vol.  i,  p.  251  ; vol.  iii,  pp.  364,  370. 
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species  of  lichen,  growing  on  rocks  of  limestone;  it  fre- 
quently amounts  to  one  half  of  their  weight.1  Such  lichens 
are  found  in  great  beauty  on  Chiswick  Bridge.  Most  higher 
plants  contain  smaller  or  larger  quantities  of  the  calcareous 
oxalate.  For  study,  rhubarb  and  onion  peel  are  useful.  In 
the  animal  organism  oxalic  acid  is  rarely  met  with,  except  in 
the  insoluble  form  of  the  oxalate  of  lime  when  taken  in 
vegetable  food.  Oxalic  acid  occurs  free  in  urine,  when  large 
quantities  of  oxalic  acid  or  oxalates  are  taken  in  repeated 
doses.  After  the  ingestion  of  these  substances,  the  urine  also 
contains  oxalate  of  lime  in  form  of  a precipitate. 

Oxalic  acid,  mostly  in  form  of  the  oxalate  of  lime,  occurs 
in  the  urine  in  the  course  of  certain  diseases.  It  is  at  pre- 
sent unknown  whether  the  oxalic  acid  in  these  cases  is  a 
product  of  the  organism  itself,  and,  like  the  acid  after  in- 
gestion into  the  stomach,  is  carried  by  the  blood  to  the 
kidneys  to  be  there  secreted,  or  whether  the  acid  is  the  pro- 
duct of  a certain  and  peculiar  decomposition  of  urine  in  the 
urinary  passages. 

Normal  human  urine,  after  some  standing,  mostly  de- 
posits microscopical  traces  of  oxalate  of  lime,  not  approach- 
able by  quantitative  analysis.  The  normal  urine  of  herbivorous 
animals  mostly  contains  a more  appreciable  quantity  of  the 
oxalate. 


Mode  of  producing  Oxalic  acid. 

One  part  of  sugar  is  heated  with  six  parts  of  nitric  acid  of 
1*3  spec,  grav.,  until  red  vapours  are  no  longer  evolved. 
The  fluid  on  evaporation  on  the  water-bath  yields  oxalic  acid 
in  crystals,  amounting  to  one  third  of  the  weight  of  the  sugar 
employed. 


Physical  and  Chemical  properties. 

From  its  watery  solution  oxalic  acid  crystallizes  in  mono- 
clinometric  prisms,  containing  four  equivalents  of  water  of 
crystallization,  and  hence  having  the  composition  C4H208+ 
4FIO.  In  dry  air  it  loses  the  whole  of  the  water  of  crys- 
tallization, and  transforms  into  a white  powder.  It  is  soluble 
in  nine  parts  of  cold  water,  much  more  soluble  in  boiling 
water  or  alcohol. 


1 Braconnot,  ‘ Ann.  de  Chim.  et.  de  Pliys.,’  xxviii,  p.  318. 
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Decompositions. 

It  fuses  by  heat,  and  on  the  temperature  being  raised  to 
from  110°  to  130°  C.  (230°  to  266°  F.)  it  is  decomposed  into 
carbonic  acid,  carbonic  oxyde  and  water,  and  formic  acid. 

C4H208  = 2C02+ C2H204 

C~H204  = 2C0  + 2H0. 

Formic  acid. 

When  heated  with  concentrated  sulphuric  acid,  oxalic  acid 
is  decomposed  into  equal  volumes  of  carbonic  acid  and  car- 
bonic oxyde.  By  oxydizing  agents  oxalic  acid  is  transformed 
into  carbonic  acid  : this  is  effected  slowly  by  nitric  acid ; 
quicker  by  chlorine  water,  peroxyde  of  lead,  or  manganese ; 
rapidly  by  a solution  of  permanganate  of  potash. 

Compounds. 

Oxalic  acid  being  a very  strong  acid,  displaces  many  weaker 
acids  from  their  combinations.  With  two  equivalents  of 
oxydes  of  metals  it  forms  neutral  salts  of  the  formula 

C Og  + 2MO,  or  C404'l  n 

m2ju* 

and  with  one  equivalent  of  any  oxyde  it  forms  acid  salts, 
having  the  composition 

CA+HO.MO,  or  C404 1 n 

H . M / 

The  quadroxalates  have  the  composition  C4Og  + IIO.MO  + 
C4H208  + 4H0. 

The  salts  of  the  alkalies  are  easily  soluble  in  water,  and 
insoluble  in  alcohol.  The  salts  of  the  alkaline  earths  are 
quite  insoluble,  so  that  lime  and  oxalic  acid  constitute  the 
best  precipitants  for  each  other.  It  was  Bergmann  who 
first  employed  the  oxalate  from  oxalis  as  the  reagent  for 
lime  salts.  The  oxalates  of  oxydes  of  metals  are  mostly 
insoluble,  or  little  soluble,  in  water. 

Oxalate  of  Lime.  C40G  + 2Ca0  + 4II0. 

This  salt  is  obtained  by  mixing  solutions  of  chloride  of  cal- 
cium and  any  oxalate  of  an  alkali,  in  the  form  of  a white  ervs- 
talline  powder,  which  may  be  shown  to  consist  of  crossed  prisms 
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of  the  quadratic  system.  Exposed  to  dry  air  it  loses  one  half 
of  its  Avater  of  crystallization ; the  other  half  may  he  removed 
by  heating  to  180°  C.  (356°  F.)  It  is  necessary  to  keep  the  salt 
covered  during  the  drying  process,  as,  at  the  temperature  of 
150°  C.  (302°  F.),  it  becomes  very  electrical,  so  as  to  he  thrown 
out  of  the  dish  by  the  slightest  touch.  It  is  insoluble  in  water 
and  acetic  acid,  soluble  in  hydrochloric  and  nitric  acid. 
From  solutions  in  the  latter  acids  it  may  sometimes  be  ob- 
tained in  crystals  by  slow  evaporation.  From  the  solution 
in  hot  concentrated  hydrochloric  acid  a double  salt  of  chloride 
of  calcium  and  oxalate  of  lime,  of  the  composition  (C406  + 
2CaO) +2CaCl-f  14Aq,  is  sometimes  obtained  in  crystals. 
Free  oxalic  acid  is  also  obtained  in  crystals  from  this  solution. 
The  double  salt,  when  brought  into  contact  with  water,  is  de- 
composed into  chloride  of  calcium,  which  dissolves,  and  oxalate 
of  lime,  which  remains  as  an  insoluble  powder.  If  the  oxalic 
acid  have  not  been  removed  by  alcohol,  no  chloride  of  calcium 
is  obtained  after  resolution  of  the  crystals,  as  it  is  immediately 
decomposed  by  the  oxalic  acid. 

The  oxalate  of  lime,  constituting  the  quadratic  crystals 
found  in  plants,  contains  six  equivalents  of  water  of  crystal- 
lization. 


Physical  characters  of  Oocalate  of  Lime. 

Of  these  I shall  treat  at  some  length,  in  order  to  clear  up 
some  errors  in  the  literature  of  the  day. 

1 have  had  several  cases  of  severe  disorder  under  my  care, 
in  which  there  occurred  deposits  of  oxalate  of  lime  in  the 
well-known  octahedra,  and  others  in  which  the  reputed 
dumb-bells  were  present.  In  two  of  these  cases  the  octahedra 
and  dumb-bells  occurred  promiscuously;  and  in  one  the 
crystals  of  both  descriptions  were  of  so  exquisite  a beauty 
of  definition,  and  of  so  large  a size,  as  seemed  to  be  parti- 
cularly favorable  to  examination.  This  examination  was 
repeated  frequently,  and  under  a variety  of  circumstances, 
and  seemed  to  have  for  its  result  that  the  octahedra  of  oxalate 
of  lime  presented  a certain  degree  of  polarizing  power,  and 
that  they  appeared  mostly  as  oblong  squares.  This  result 
differed  from  the  opinion  almost  generally  received,  at  least 
among  gentlemen  of  the  medical  profession,  namely,  that  the 
octahedra  of  oxalate  of  lime  do  not  polarize.  They  were  not 
to  polarize  because  they  crystallized  in  the  regular  or  cubic 
system,  a position  which  was  considered  as  proved.  On  the 
other  hand,  it  was  explained,  that  these  crystals  must  belong 
to  the  cubic  system,  because  they  did  not  polarize.  Our 
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knowledge  upon  this  point  evidently  moved  in  a circle,  not 
in  the  spiral  line  of  progress. 

In  looking  over  the  literature,  I found  that  what  had  been 
seen  had  been  rightly  seen  and  figured,  I may  say,  very 
faithfully,  hut  not  always  very  intelligibly.  But  the  appear- 
ances had  been  misinterpreted,  disregarded,  or  explained 
away. 

How  this  was  possible,  will  not  be  easily  intelligible  here- 
after. One  saw  a square,  with  cross  lines,  suggesting  the 
shape  of  an  octahedra.  Dr.  G.  Bird,  using  a word,  which 
no  doubt  conveyed  more  than  it  was  intended  to  convey, 
styled  them  cubes.  He  says,  at  p.  212,  § 215,  “ If  the  light 
is  very  bright,  these  crystals  generally  resemble  cubes  marked 
with  a cross,  the  point  of  intersection  of  the  two  arms  cor- 
responding to  one  of  the  apices  of  the  octahedron.”  Now, 
on  putting  squares  for  cubes  the  sentence  is  literally  correct, 
and  fits  his  fig.  39,  to  which  he  refers.  To  cubes,  how- 
ever, this  figure  has  no  resemblance.  In  a similar  sense,  we 
must  explain  the  word  cubes  on  two  different  places,  where 
it  is  equally  misapplied  (p.  212,  second  line  from  below,  and 
p.  215,  eighth  and  tenth  lines  from  above). 

However  that  may  be,  there  can  be  no  doubt  that  Dr.  G. 
Bird  believed  the  oxalate  of  lime  to  crystallize  in  the  cubic 
system.  In  three  editions  of  his  work  the  dumb-bells  and 
ellipsoid  bodies,  occurring  along  with  or  alternately  with  the 
octahedra  of  the  oxalate,  pass  as  oxalate  of  lime.  It  is  only 
in  the  fourth  edition  that  the  difficulty  arises  from  the  dumb- 
bells and  octahedra  exhibiting  different  appearances  in  polar- 
ized light.  He  says,  at  p.  21G,  § 220,  et  seq.  : “ These  dumb- 
bell and  oval  crystals,  although  I have  always  described  them 
as  oxalate  of  lime,  have  always  presented  a very  serious  diffi- 
culty to  their  being  thus  regarded,  in  consequence  of  the 
peculiarity  of  their  optical  characters.  It  is  well  known  that 
all  crystals  referable  to  the  cube  or  regular  octahedron  never 
possess  double  refraction,  and  hence  scarcely  exert  any  influ- 
ence upon  a plane  polarized  ray  of  light.  In  accordance 
with  this  law,  the  ordinary  crystals  of  oxalate  of  lime  do  not 
in  the  slightest  degree  exhibit  the  phenomena  of  colour  when 
examined  in  the  polarizing  microscope  ; merely  in  the  slightest 
degree,  if  lying  in  a favorable  position,  appearing  illuminated 
when  the  polarizing  prisms  are  crossed.  On  the  other  hand, 
the  dumb-bell  crystals,  as  I long  ago  stated,  exhibit  a beautiful 
scries  of  coloured  rings  traversed  by  a black  cross.”  In  con- 
sequence of  this  supposed  difference  between  dumb-bells  and 
octahedra  of  the  oxalate,  Dr.  G.  Bird  submitted  the  former 
to  an  investigation,  the  result  of  which  was,  however,  not 
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very  decisive.  He  wanted  to  prove  by  the  chemical  test  that 
the  dumb-bells  did  not  consist  of  mere  oxalate  of  lime, 
“ because  their  powerful  action  on  polarized  light  was  quite 
incompatible  with  their  being  composed  exclusively  of  this 
salt”  (p.  219).  His  five  chemical  experiments  detailed  under 
A,  B,  C,  D,  E,  at  pp.  21  7 and  218,  failed  entirely  to  establish 
any  difference  between  these  bodies  and  the  common  oxalate,  as 
did  also  the  experiments  of  Dr.  Bacon,  quoted  at  pp.  220  and 
221.  The  results  of  Dr.  Bacon’s  experiments,  according  to 
his  own  Avords,  are  as  follows  : “That  the  dumb-bell  crvstals 
consist  of  a salt  of  lime  containing  either  oxalic,  oxaluric, 
or  perhaps  some  other  organic  acid  easily  converted  into 
oxalic  acid,  but  the  exact  nature  of  the  acid  remains  to  be 
ascertained  by  future  investigation.”  From  this  sentence  it 
that  the  dumb-bells  may  after  all  be  oxalate 
of  lime,  supposing  that  their  optical  properties  can  be  brought 
to  harmonise  with  that  opinion ; at  least  it  has  not  been 
proved  by  any  chemical  experiment  that  they  are  not  oxalate 
of  lime.  After  Dr.  G.  Bird  had  condemned  his  former  state- 
ments, his  new  opinion  Avas  generally  adopted,  but  upon 
optical  grounds  only,  or  rather  upon  no  grounds  at  all,  as  Ave 
hall  hereafter  see. 

Some  of  the  authors  who  have  folloAved  Dr.  G.  Bird  in  his 
opinion  regarding  these  crystals,  are  not  very  accurate  in 
their  statements,  a circumstance  which  Ave  must  suppose  to 
have  increased  the  confusion  already  existing.  Dr.  Beale, 
at  p.  217  of  his  work  on  the  microscope,  when  speaking  of 
the  dumb-bells,  and  mentioning  that  they  might  be  com- 
posed of  the  oxalurate  of  lime,  and  had  the  poAver  of  polar- 
izing light,  says  that  “ substances  which  crystallize  in  the 
octahedral  form  do  not  possess  this  properly.”  NoAAq 
if  Dr.  Beale  had  closely  adhered  to  Dr.  G.  Bird’s  statement 
already  quoted,  namely,  that  all  crystals  referable  to  the 
cube  or  regular  (!)  octahedron  never  possess  double  refrac- 
tion, and  if  he  had  not  been  so  modest  as  to  alloAV  authority 
to  prevail  over  the  result  of  his  oavii  observations,  he  would 
not  have  put  doAvn  the  octahedral  form  generally  as  not 
polarizing,  which  he  seems  to  have  been  compelled  to  do, 
from  the  fact  of  his  distinctly  stating  that  his  octahedra  were 
of  the  quadratic  system,  inasmuch  as  one  of  their  axes  was 
much  shorter  than  the  other  tAvo.  Unless,  therefore,  he  put 
all  octahedra  doAvn  as  non-polarizing,  his  octahedra  ought  to 
have  been  polarizing  ones,  because  all  crystals  except  those 
of  the  regular  system  do  polarize.  If  Dr.  Beale  had  at- 
tended to  the  relation  of  the  crystallographical  axes  of  his 
crystals,  his  ten  drawings  (fig.  185  in  the  f Microsc.  in  Clin. 
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Med/),  otherwise  so  correctly  executed,  could  not  have  failed 
to  urge  upon  him  the  conviction  that  the  oxalate  of  lime 
crystallizes  in  the  quadratic  and  not  in  the  cubic  system. 

There  is  sufficient  evidence  to  show  that  other  authors 
were  aware  of  the  fact,  that  the  system  in  which  the  oxalate 
of  lime  crystallizes,  is  not  the  regular  or  cubic  system.  In 
the  third  edition  of  Dr.  Trout’s  work  on  c Stomach  and 
Urinary  Diseases/  plate  i,  fig.  6,  there  is  a diagram,  to  which 
there  is  the  following  explanation  on  the  next  page  : “ Fig.  6 
represents  a flat  octahedron ; the  form  stated  by  Wollaston 
and  others  to  be  that  most  frequently  assumed  by  crystallized 
oxalate  of  lime.  According  to  the  recent  observations  of 
Mr.  Brooke,  however,  some  natural  crystals  of  the  oxalate  of 
lime,  contaiuing  one  proportion  of  water,  presented  the  form 
of  an  oblique  rhombic  prism.  Whether  the  salts  thus  ap- 
pearing in  two  different  forms  are  the  same  in  composition, 
or  whether  the  octahedral  form  has  been  erroneously  as- 
sumed, is  not  ascertained.”  See  ‘ Lond.  and  Edinb.  Philos. 
Mag./  vol.  xvi,  p.  449  (1840).  Funke,  in  pi.  i of  his 
‘ Atlas  der  physiologischen  Chemie/  figures  some  oxalate  of 
lime.  The  (artificial)  crystals  were  small.  He  saw  some 
octaliedra  with  one  of  their  lateral  angles  towards  the  ob- 
server, similar  to  the  four  lower  diagrams  of  Dr.  Beale’s 
fig.  185,  and  concluded  that  they  were  quadratic  octaliedra — 
an  opinion  which  is  certainly  justified  by  the  more  common 
appearances;  and,  moreover,  that  they  were  of  the  variety 
in  which  the  vertical  axis  is  the  longest,  which  is  wrong. 
It  is  wrong  for  the  following  reason : If  the  vertical  axis  is 
longest,  the  other  two  axes  must  be  equal,  which  they  are 
not.  On  making  the  two  equal  axes  the  horizontal  ones, 
the  shortest  axis  becomes  the  vertical. 

Dr.  G.  Bird,  at  p.  221,  quotes  an  experiment  of  the 
American  physician  already  mentioned,  Dr.  Bacon,  of  Boston, 
by  which  this  observer  obtained  four -sided  prisms  of  pure 
oxalate  of  lime.  The  experiment  runs  thus,  § 225  : “ Dr. 
Bacon  examined  the  effects  of  the  different  acids  upon  artifi- 
cially prepared  oxalate  of  lime.  He  ascertained  that  when 
dissolved  in  hydrochloric  acid  . . . and  allowed  to  evaporate 
spontaneously,  a mixture  of  transparent  rhomboidal  plates, 
minute  octahedra,  and  four-sided  prisms,  often  arranged  in 
rosettes,  with  zeolitic  crystals,  ivere  obtained.  The  rhom- 
boids and  zeolite  groups  acted  powerfully  on  polarized  light 
the  prisms  less  strongly,  and  the  octahedra  not  at  all.  &On 
submitting  these  crystals  to  analysis,  the  rhomboids  were 
found  to  contain  hydrochloric  acid,  but  the  prisms  and  octa- 
hedra were  pure  oxalate  of  lime.”  Now  the  occurrence  of 
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these  prisms  is  perhaps  the  strongest  possible  reason  that 
could  be  advanced  why  the  oxalate  of  lime  cannot  crystallize 
in  the  cubic  system,  leaving  dimorphism  out  of  the  question 
for  the  present.  The  cubic  system,  by  the  nature  of  its  axes, 
three  axes  of  equal  length,  and  at  right  angles  to  each  other, 
precludes  the  possibility  of  a prism  or  column  ever  occurring 
in  it.  Besides,  even  had  it  been  possible  for  the  prisms  to 
be  in  the  regular  system,  they  could  not  have  polarized. 

It  is  a matter  of  great  surprise  that  Dr.  G.  Bird  should 
have  overlooked  the  incompatibility  of  the  prism  wdth  the 
regular  or  cubic  octahedron.  Whether  his  fig.  40,  repre- 
senting the  “ square  prisms  with  a four-sided  pyramid  at  each 
end,  forming  a dodecahedron”  (a  term  quite  unusual  in 
crystallography  for  this  combination,  which  certainly  has 
twelve  planes,  but  not  equivalent  ones,  a requisite  for  a dode- 
cahedron), is  drawn  from  specimens  under  his  own  observa- 
tion, is  not  stated.  Perhaps  they  are  given  after  Dr.  Bacon. 
Here  we  must,  however,  state  that  the  crystals  obtained  from 
a solution  of  oxalate  of  lime  in  hydrochloric  acid,  do  not  at 
once  permit  a conclusion  to  be  drawn  upon  the  primary 
crystallizing  form  of  the  oxalate  of  lime,  inasmuch  as  they 
may  be  a mixture  of  the  above-described  double-salt  of 
chloride  of  calcium  and  oxalate  of  lime,  plus  water  of  crys- 
tallization, and  of  oxalate  of  lime  and  oxalic  acid. 

Prismatic  crystals  of  oxalate  of  lime  were  first  observed 
by  Brooke  as  already  mentioned.  They  were  then  described 
by  C.  Schmidt  Ann.  d.  Chem.  und  Pharm.,’  lxi,  p.  304), 
who  says  that  he  measured  them,  and  found  them  to  belong 
to  the  fifth  system  of  crystallization,  the  oblique,  or  mono- 
clinoedric  (Naumann),  or  hemiorthotype  (Mohs),  yiz.,  the 
system  in  which  two  of  the  axes  are  at  right  angles  to  each 
other  in  an  horizontal  plane,  and  the  third  inclined  but  in 
a vertical  plane  passing  through  either  of  the  other  two.  It 
is,  however,  most  improbable  that  these  measurements  were 
correctly  made,  inasmuch  as  nobody  has  ever  since  observed 
any  oxalate  of  lime  in  the  oblique  system.  In  the  urine, 
prismatic  crystals  of  oxalate  of  lime  were  first  observed  by 
Dr.  F.  W.  Beneke  Zur  Pliysiologie  und  Pathologie  des 
phosphorsauren  und  oxalsauren  Kalkes,’  1850).  He  de- 
scribed them  as  quadratic  prisms,  with  pyramidal  termina- 
tions, and  gave  good  drawings  of  all  the  forms  of  oxalate  of 
lime  on  the  first  table  appended  to  his  publication.  Accord- 
ing to  Ch.  Gerhardt,  (‘  Lehrbuch  der  organischen  C hemic,’ 
1854,  German  edition  by  B.  Wagner,  Niirnberg,  vol.  i,  p. 
285,)  oxalate  of  lime  occurs  in  plants  in  the  shape  of  quad- 
ratic or  pyramidal  octahedra,  which  are  frequently  combined 
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with  the  quadratic  prism.  The  quadratic  octahedron  may 
be  the  primary  one  (P : P = 46°  28'),  or  an  obtuse  one 
P : P = 1 19°  34')  (123°  19'  Rose) . The  measurements  seem  to 
be  those  of  Schmidt,  adapted  to  the  pyramidal  system.  They 
can  therefore  not  be  relied  upon.  It  is  very  doubtful  whe- 
ther the  primary  octahedron  does  ever  occur. 

Oxalate  of  lime  is  represented  as  crystallizing  in  quadratic 
octahedra  by  E.  von  Gorup-Besanez,  p.  182  of  the  second 
edition  of  his  ( Anleitung  zur  zoochemischen  Analyse/  1 854. 
He  says,  that  the  long  or  pointed  octahedra  are  of  rare 
occurrence.  Robin  and  Yerdeil,  pi.  vi,  figs.  2 and  3,  of  their 
‘ Atlas  ’ represent  pyramidal  octahedra. 

Preparation  of  objects  for  microscopical  observation. — It  is 
perhaps  well  to  mention  here,  that  all  precipitates  of  the 
oxalate  of  lime  used  for  any  experiment  were  carefully  washed 
until  they  yielded  no  more  traces  of  their  soluble  components, 
so  that  no  crystallization  could  have  taken  place  under  the 
influence  of  the  evaporation  of  the  water  surrounding  the 
object  on  the  slide.  The  oxalate  of  lime  has  very  little 
affinity  for  water,  and  any  preparation  of  it  not  permanently 
mounted  gets  dry  very  fast;  for  this  reason  I always  take 
a flat  cell  of  Brunswick  black  for  every  specimen,  which  not 
only  allows  a larger  amount  of  fluid  to  remain  with  the  crystals, 
but  can  also  be  converted  into  a temporary  mounting,  simply 
by  warming  it  a little,  and  pressing  the  circular  thin  glass 
cover  gently  against  the  cell,  whereby  it  closely  adheres  to 
the  latter,  and  precludes  evaporation.  The  object  may  be 
mounted  permanently  if  desired,  by  surrounding  the  cell 
with  Brunswick  black.  A little  preserving  fluid  should 
therefore  always  be  put  into  the  cell,  if  the  observer  has  the 
intention  to  make  permanent  objects. 

Crystals  of  the  oxalate  of  lime  are  obtained  from  the  urine 
of  children  a few  hours  after  a meal  of  rhubarb.  The  sedi- 
ment after  being  washed  consists  of  numerous  crystals  of 
all  sizes,  the  large  ones  being  particularly  favorable  for 
examination.  Mixed  with  these  are  in  most  cases  numerous 
ellipsoid  bodies,  more  rarely  some  dumb-bells.  It  is  partly 
on  specimens  of  this  description  that  the  following  observa- 
tions on  the  polarizing  power  of  the  oxalate  of  lime  were 
made.  The  oxalate  which  occurs  in  the  urine  pathologicallv, 
be  it  produced  in  the  kidney,  bladder,  or  after  emission  of 
the  urine,  is  generally  of  a smaller  size,  and  mixed  with  other 
matter,  and  therefore  is  not  so  favorable  an  object  for 
microscopical  examination.  Very  large  crystals  occur  in  the 
urine  of  the  horse,  but  here  they  are  mixed  with  a large 
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quantity  of  stellar  crystals  of  the  carbonate  of  lime.  The 
latter  is  best  dissolved  in  dilute  acetic  acid,  which  leaves  the 
oxalate  undissolved. 

Artificial  oxalate  of  lime  is  best  prepared  by  mixing  a solu- 
tion of  an  oxalate — for  example,  oxalate  of  ammonia — with  a 
soluble  and  dissolved  preparation  of  lime — for  example,  chloride 
of  calcium,  lime-water,  or  phosphate  of  lime  (in  the  urine) . 
Precipitated  from  concentrated  solutions,  the  oxalate  of  lime 
appears  in  seemingly  amorphous  lumpy  masses,  as  they  are 
described  by  most  writers ; by  taking,  however,  very  dilute 
solutions,  and  mixing  them  at  a higher  temperature,  close 
imitations  of  the  urinary  crystals  may  be  obtained.  The 
admixture  of  a soluble  oxalate  to  urine  gives  a great  variety 
of  crystals,  some  of  which  are  described  in  the  following- 
pages. 

On  submitting  the  crystals  to  the  microscope,  it  is  neces- 
sary to  use  a sufficiently  high  power.  Though  a half-inch 
object-glass  is  quite  sufficient  for  recognising  the  charac- 
teristic crystals,  yet  the  quarter-inch  is  stereoscopically  better, 
that  is  to  say,  because  under  a higher  power  fewer  points  are 
in  focus  at  a time,  and  the  observer  becomes  more  conscious 
of  the  relations  of  the  different  points,  sides,  edges,  and 
angles  of  the  crystals,  because  they  have  more  relief,  and 
appear  as  bodies,  and  not  as  flat  markings,  as  they  do  under 
lower  powers.  The  crystals  obtained  from  plants,  such  as 
the  cuticle  of  the  onion  and  others,  are  generally  much 
larger  than  those  obtained  from  animal  fluids,  and  therefore 
require  lower  powers,  though  under  higher  powers  they  are 
seen  to  great  advantage. 


Pure  artificial  oxalate  of  lime,  from  oxalate  of  ammonia  and 
chloride  of  calcium. 

Experiment  1. — To  a boiling  concentrated  solution  of 
oxalate  of  ammonia,  a concentrated  solution  of  chloride  of 
calcium  was  added,  whereby  a copious  white  precipitate  was 
produced.  Under  the  microscope,  this  precipitate  consisted 
apparently  of  irregular  lumpy  masses,  but  on  the  application  of 
higher  powers,  and  on  taking  single  particles  for  examination, 
it  was  seen  that  these  were  composed  of  four  smaller 
roundish  particles  each,  so  as  to  represent  a cross  with 
rounded-off  angles.  Mixed  with  these  were  small  squares, 
and  crosses  lying  on  squares.  When  the  test  had  cooled 
by  standing  over-night,  prisms  with  pyramidal  ends  could  be 
discovered  here  and  there.  The  lumpy  masses  polarized  white 
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light ; the  prisms  red,  1)1  ue,  and  violet.  See  the  small  crossed 
and  large  coloured  prisms  on  the  right  side  of  fig.  4,  Pl.  V. 

Experiment  2. — To  a concentrated  solution  of  oxalate  of 
ammonia  of  ordinary  temperature,  a solution  of  chloride  of 
calcium  Avas  added.  The  precipitate  obtained  consisted  of 
the  same  particles  as  in  the  first  experiment,  but  they  were 
rather  larger  and  better  defined.  There  were,  however,  no 
prisms  in  this  precipitate,  which  polarized  light  between  two 
Nicliol  prisms  without  variegation  of  colour. 

Artificial  oxalate  of  lime  from  loater. 

Experiment  3. — The  water  of  the  New  River  Water  Com- 
pany, with  which  my  house  is  supplied,  contains  in  solu- 
tion, like  most  water,  a certain  proportion  of  carbonate  of  lime. 
1 therefore  thought  it  suitable  for  an  experiment  with  the 
oxalate  of  ammonia.  As  I wanted  crystallization  to  go  on 
as  slowly  as  possible,  I did  not  take  a solution  of  the  oxalate 
of  ammonia  for  precipitating  the  lime,  but  dropped  a crystal 
of  about  two  grains  in  weight  in  about  an  ounce  of  water 
contained  in  a test-tube,  and  allowed  it  to  stand  over-niglit. 
I obtained  a white  thin  deposit,  consisting  of  innumerable 
crosses,  being  prisms  with  pyramidal  ends  crossed  at  right 
angles. 

The  appearances  are  represented  in  fig.  4,  PI.  V,  on  the 
left  of  the  coloured  prisms.  Some  prisms  were  single ; in 
other  cases  a great  many  prisms  were  crossed  at  various 
angles.  But  the  crosses  with  right  angles  were  the  ground 
form.  All  the  crystals  polarized  light  without  much  colour. 

This  experiment  gave  me  the  key  to  the  explanation  of  the 
nature  of  the  bodies  found  in  the  first  two  experiments. 
The  lumpy  masses  with  four  indentures  are  in  fact  nothing 
but  crossed  prisms,  whose  ends,  however,  are  irregular,  round, 
sometimes  thickened ; the  angles  are  frequently  so  much 
filled  up,  that  a round  body  is  produced,  which  it  would  be 
difficult  to  give  an  account  of,  but  for  the  other  crystals. 
Here  we  have  then  in  the  first  instance  crossed  prisms,  the 
angles  and  edges  of  which  become  rounded  off,  and  the 
corners  filled  up,  and  that  the  more,  the  more  the  formation 
of  the  crystals  is  hastened,  and  the  more  concentrated  the 
solutions  are  out  of  which  they  form.  The  roundest  body 
from  an  oxalate  of  lime  precipitate  will,  on  careful  examina- 
tion, yet  exhibit  four  points  corresponding  to  the  places 
where  under  more  favorable  circumstances  there  would  have 
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been  four  open  angles.  Tliis  is  a satisfactory  explanation  of 
the  so-called  tuberose  ( knollig , in  German)  appearance  of 
artificial  precipitates  of  the  oxalate  of  lime. 

Even  regular  crystals  may  become  tuberose  by  apposition 
of  new  matter.  So  in  the  first  deposit  I found  a crystal  to 
the  four  pyramidal  sides  of  which  round  masses  were  appo- 
sited.  When  these  masses  get  larger,  they  form  a sort  of 
cap  on  each  side  of  the  prism,  which  when  still  larger  makes 
them  much  like  dumb-bells,  with  which  indeed  they  are 
identical.  Crossed  dumb-bells  (see  centre  of  fig.  6,  PI.  V) 
are  large  tuberose  crystals. 

Artificial  oxalate  of  lime  from  urine. 

Experiment  4. — To  urine,  which  had  just  been  emitted 
from  the  bladder,  a solution  of  oxalate  of  ammonia  wras  added. 
In  the  precipitate  a great  variety  of  crystalline  forms  were 
observed. 

a.  Small  prismatic  crystals,  gradually  rounding  off  into — 

b.  The  ellipsoid  and  dumb-bell  forms,  the  latter  less  pro- 
minent. 

c.  Squarish,  flat  bodies,  with  several  indentures  on  two 
opposite  sides.  They  appear  as  if  formed  by  a number  of 
ellipsoid  bodies  joined  together  with  their  flat  sides. 

d.  Almost  regular  octahedra,  the  lateral  edges  not  quite 
straight. 

e.  Crossed  prisms  or  crossed  octahedra.  The  types  of  all 
these  crystals  are  represented  in  fig.  5 of  PI.  Y. 

On  standing  in  water  for  some  weeks  the  crystals  seemed 
to  decay,  particularly  on  their  thin  edges,  which  became  much 
corroded.  The  development  of  vegetable  growths  made  the 
formerly  white  precipitate  green  and  dirty  looking. 

Experiment  5. — In  this  experiment  not  a single  wrell- 
defined  octahedron  was  obtained.  The  deposit  consisted  of 
granules  of  different  shapes  and  sizes,  the  largest  not  exceeding 
r3vny  °f  an  inch  in  their  longest  diameter.  There  was  a tendency 
to  straight,  square  outlines,  in  some  cross  markings  were  pre- 
sent. The  deposit  polarized  as  usual,  white  light  being  pro- 
duced by  the  bodies.  This  urine  was  very  acid,  and  the 
addition  of  the  acid  salt  caused  uric  acid  to  crystallize  in 
well-defined,  large,  four-sided  rhombic  plates,  with  right 
angles,  polarizing  in  dark  colours.  This  is  the  only  instance 
in  which  I observed  almost  regular  rhombic  plates  of  uric 
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acid  to  crystallize  out  of  urine,  of  a size  and  beauty  equal  to 
that  of  the  finest  artificially  prepared  uric  acid. 

Experiment  6. — The  entire  deposit  consisted  of  octahedral 
crystals,  with  their  angles  and  corners  cut  off,  so  as  to  make 
their  outline  to  appear  eight-sided  ; fig.  4,  PL  V,  below 
coloured  prisms.  Most  of  the  crystals  were  square;  viz., 
their  horizontal  sides  were  equal,  in  some  all  eight  sides 
were  equal,  in  others  the  four  secondary  sides  were  shorter. 
In  few  specimens  only  two  corners  were  cut  off.  Whether 
the  new  plane  Avas  one  plane,  or  tAvo  forming  an  obtuse  angle, 
I could  not  ascertain.  In  some  apparently  square  crystals 
there  was  an  octagonal  marking,  corresponding  by  four 
parallel  sides  to  the  original  four  sides  of  the  octahedral  form. 
In  some  it  appeared  as  if  the  crystal  had  been  divided  by  a 
plane  falling  through  the  four  lateral  edges,  and  one  half  had 
been  turned  upon  the  other  half  in  an  angle  of  45°  round  an 
axis  perpendicular  upon  the  plane  just  described,  representing 
a tropia,  or  turn,  of  the  value  of  one  eighth  of  the  circle.  The 
long  axis  (c)  Avas  = 2,  taking  the  short  one  ( b ) as  = 1.  The 
crystals  Avere  very  dark,  and  the  cross  Avas  faintly  illuminated. 

Experiment  7. — The  crystals  obtained  were  long,  crossed 
octaliedra.  The  centre  of  the  twins  was  occupied  by  octa- 
hedra  of  the  ordinary  appearance,  and  by  crossed  octaliedra 
described  in  the  former  experiment.  Assuming  each  octa- 
hedron to  be  a twin  by  crossing,  there  were  here  four  or  six 
crystals  arranged  round  one  common  principal  axis,  each 
set  being  turned  round  the  common  axis  in  an  angle  of  30°, 
so  that  none  of  the  horizontal  axes  of  any  one  twin  crystal 
coincided  Avith  the  horizontal  axes  of  the  next  one,  but  Avas 
distant  from  the  secondary  and  ternary  axes  in  the  angle 
described.  Four  crystals  crossing  frequently  formed  eight- 
rayed  stars.  Of  the  four  secondary  rays,  sometimes  only  one, 
tAvo,  or  three  were  present,  giving  the  crystal  an  unsymme- 
trical  appearance.  Mixed  with  these  regular  crystals  Avas  a 
large  proportion  of  roundish  bodies  polarizing  in  colours, 
attempts  at  ellipsoids,  dumb-bells,  and  so  on,  many  of  which 
Avere  twin  crystals. 

Experiment  8.  — After  the  addition  of  oxalate  of  am- 
monia to  urine  some  caustic  ammonia  was  added,  until 
the  fluid  Avas  alkaline.  After  standing  over-night,  a sediment 
had  formed,  and  a thin  crust  was  SAvimming  on  the  fluid, 
consisting  of  radiated,  zeolitic  balls,  baked  together,  which 
Avere  of  a yellowish  colour  and  not  affected  by  acetic  acid. 
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They  seem,  therefore,  to  have  been  uric  acid.  The  sediment 
was  of  a filmy  nature,  and  consisted  of  numerous  irregular 
prisms  of  ammonio- phosphate  of  magnesia,  often  crossed  by 
two  or  three,  and  taking  all  the  fitful  appearances  of  this 
salt.  Mixed  with  these  were  octaliedra  of  oxalate  of  lime 
and  other  irregular  polarizing  undefinable  bodies. 

Experiment  9. — In  this  deposit  many  regular  and  irregular 
octahedral  crystals  were  present,  many  simple  twins,  double 
twins ; the  corners  sometimes  very  little  prominent,  or 
rounded  off:  there  were  small  crossed  prisms.  But  the 
most  regular  crystals  were  large  simple  prisms,  with  appa- 
rently pyramidal  terminations.  The  prisms,  when  seen  edge- 
ways, were  flat,  about  one  fourth  or  one  fifth  of  their  width 
in  thickness.  The  dark  ends  on  the  prisms,  when  seen 
edgeways,  corresponded  to  the  planes  terminating  the  plate ; 
but  on  the  large  planes  no  octahedral  planes  were  to  be  distin- 
guished, so  that  the  prisms  could  not  be  explained  otherwise 
than  as  being  prismatic  plates,  terminated  by  a horizontal 
prism. 

Oxalate  of  lime  occurring  in  urine  spontaneously . 

Observation  10. — Urine  of  a slightly  dyspeptic  man. — I put 
a sample  of  urine,  which  came  acid  and  a little  cloudy  out  of 
the  bladder,  to  stand  over-niglit.  After  sixteen  hours  a dense 
mucous  cloud  had  settled  at  the  bottom  of  the  vessel,  and, 
besides,  a dense  pink  deposit  of  urate  of  soda  had  settled  all 
over  the  cloud,  and  on  the  sides  of  the  vessel.  The  mucus 
showed  minute  granules  disposed  all  over  its  surface,  distinct 
from  the  urate.  There  were  many  oxalate  of  lime  crystals, 
but  all  only  fragments  of  octaliedra,  mostly  halves,  and, 
when  lying  on  their  sides,  showed  the  edge  cut  off  by  a 
prismatic  plane,  which  latter  reflected  light  when  well 
focussed.  These  halves  were  most  common.  Then  there 
were  crystals  with  one  edge  regular,  one  corner  cut  off 
parallel  to  an  octahedral  edge,  or  parallel  to  an  octahedral 
diagonal.  There  were  irregular  conglomerations  of  crystals 
of  all  shapes  and  sizes,  from  a roundish  body  to  a regular 
hedgehog-like  mass. 

The  irregular  parts  of  the  crystals  seemed  to  have  been 
those  with  which  they  were  attached  to  their  basis,  which, 
most  likely,  was  the  mucus. 

Case  of  so-called  oxaluria. 

Observation  11. — A gentleman,  thirty-five  years  of  age, 
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during  the  spring  of  1856,  had  suffered  from  boils  on  various 
parts  of  his  body,  with  some  eczema  now  and  then  upon  his 
arms.  He  had  taken  the  sulphates  of  iron  and  magnesia, 
which,  though  they  seemed  to  be  borne  badly  by  his  digestive 
organs,  improved  his  skin  and  general  health  so  far  that  the 
boils  disappeared.  About  the  latter  end  of  June,  1856,  he 
became  dyspeptic,  his  tongue  got  covered  with  a fur,  and 
excoriations  broke  out  along  its  sides,  which  he  ascribed  to 
the  influence  of  the  iron.  His  bowels  became  irregular,  his 
mind  depressed,  his  general  health  impaired.  He  then  re- 
marked a cloud  in  his  urine  a few  hours  after  passing  it ; and, 
on  examination,  the  cloud  consisted  of  mucus  with  numerous 
octahedra  of  the  oxalate  of  lime. 

When  he  presented  himself  to  me,  he  suffered  from  all  the 
subjective  symptoms  described  as  characteristic  of  oxaluria. 
On  inquiry,  I found  that  he  had  read  the  description  of  that 
disease  in  Dr.  Bird’s  work  on  ‘ Urinary  Deposits/  at  Mr.  Pil- 
lischer’s  Microscope  Booms,  which  he  used  to  frequent  as  an 
amateur  of  the  microscope. 

On  August  21st,  I examined  the  urine  from  twenty-four 
hours.  It  was  yellow,  acid,  and  quite  normal.  The  cloud 
at  the  bottom  contained  many  octahedra  imbedded  in  the 
mucus,  in  which  a great  number  of  thread-like  vibriones  were 
moving  about,  particularly  at  the  borders  of  the  mucous 
masses,  where  the  medium  was  more  dilute,  and  therefore 
seemed  to  allow  of  their  more  free  movements.  They  seemed 
to  have  a connection  with  beginning  decomposition  of  the 
mucus. 

Average  length  of  sides  of  octahedra  = 5/0  o of  an  inch.  (See 
PI.  II,  fig.  4,  crystals  on  the  upper  left.) 

Experiment  12. — A part  of  the  urine  from  the  foregoing 
case  was  filtered,  and  some  oxalate  of  ammonia  added  to  it. 
The  deposit  obtained  after  six  hours’  standing  was  made  up 
of  octagonal  crystals.  They  were  more  or  less  regular,  be- 
came irregular  with  rough  edges  and  rough  surfaces,  and 
then  baked  together  in  irregular  rough  masses.  Mixed  with 
those  octahedral  and  irregular  crystals  were  numerous  prisms, 
some  with  double  outlines,  some  very  thin,  and  others  very 
short.  These  prisms  were  very  much  like  those  in  the  first 
experiment  with  chloride  of  calcium.  The  whole  deposit 
polarized  in  even  so  weak  a light  as  that  of  a composite 
candle  reflected  from  the  mirror  of  the  microscope,  and,  as 
usual,  the  more  regular  a crystal  was,  the  less  did  it  polarize. 
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Oxalate  of  lime  in  decomposing  urine. 

Observation  13. — A sample  of  ordinary  yellow,  acid  urine, 
from  a man  enjoying  average  health,  was  put  in  an  open 
beaker,  and  allowed  to  stand  in  my  laboratory  during  six 
days  of  cool  August  weather.  After  the  lapse  of  that  time 
the  cloud,  which  had  settled  on  the  day  after  it  was  passed, 
and  had  not  been  microscopically  examined,  had  increased 
in  density;  and  the  urine  had  become  turbid,  and  covered  with 
a skim,  in  which  there  were  some  vegetable  growths  per- 
ceptible. 

The  sediment,  which  was  pulverulent,  after  being  shaken, 
always  settled  quickly  to  the  bottom  of  the  beaker.  It  con- 
sisted of  octahedra  of  the  oxalate  of  lime,  of  very  small 
dimensions  indeed,  so  that  their  true  outline  was  only  dis- 
tinctly visible  when  perfectly  in  focus.  Mixed  with  the 
octahedral  forms  were  irregular  small  prisms,  and  few  crossed 
prisms.  The  crystals  frequently  appeared  as  if  one  side  or 
edge  had  been  eaten  out,  or  had  not  been  perfectly  formed. 
Others  were  roundish,  and  corresponded  to  the  lumpy  masses 
of  pure  artificial  oxalate.  Some  small  ellipsoidal  bodies  were 
present.  Very  minute  animaleulae,  or  monads,  were  in  con- 
stant motion  through  the  fluid,  and  appeared  as  gray,  dark 
points. 

On  seeing  the  oxalate  sitting  firmly  on  the  particles  of 
mucus,  as  if  it  had  been  formed  out  of  them,  and  seeing 
only  the  free  sides  (planes,  angles,  and  edges)  perfectly 
developed,  the  other  portions  turned  towards  the  mucus 
however  always  irregular,  I could  not  help  thinking  that  the 
mucus  might  have  a share  in  the  production  of  the  oxalate. 

Cj'ystals  of  Oxalate  of  Lime  from  Urinary  Calculi. 

Though  the  greater  proportion  of  the  oxalate  of  lime 
calculi  have  an  amorphous  or  only  crystalline  texture,  there 
are  some  not  very  rare  specimens,  which  on  their  surface  are 
covered  with  the  most  perfect  crystals.  Mr.  Quekett  kindly 
afforded  me  an  opportunity  of  closely  examining  several 
such  calculi  contained  in  the  museum  of  the  Royal  College 
of  Surgeons. 

C.  34.  Presented  by  Mr.  Luke.  A reddish  brown  calculus, 
is  covered  with  white  glistening  crystals.  They  are  octahedra, 
the  principal  axis  of  which  is  not  much  shorter  than  the  two 
horizontal  ones.  The  principal  axis  of  the  crystals  averages  in 
length  from  about  one  fortieth  of  an  inch  to  one  eightieth  of 
an  inch. 

C.  35.  Presented  by  Air.  Luke.  In  this  specimen  the 
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greenish  octahedra  are  very  flat,  so  that  the  principal  axis  is 
not  longer  than  about  one  third  of  one  of  the  secondary  axes. 
The  sides  of  the  longest  crystals  measured  one  eighth  of  an 
inch.  They  are  so  arranged  on  the  surface  of  the  calculus 
as  to  present  their  lateral  edges,  the  bodies  of  the  crystals 
being  buried  in  the  calculus. 

C.  1.  Presented  by  Sir  E.  Home.  This  spherical  calculus 
consists  throughout  of  crystallised  oxalate  of  lime.  The 
crystals  are  smaller,  and  some  octahedra  present  appearances 
as  if  their  substance  had  been  arranged  in  layers  horizontal 
to  the  principal  axis.  Here  and  there  the  crystals  are 
flattened  in  the  direction  of  the  principal  axis,  and  present 
the  appearance  of  square  plates,  sharpened  at  each  of  the 
four  sides  by  two  octahedral  planes. 

Oxalate  of  lime  from  plants  and  animals  coincides  in  its 
crystallographical  characters  with  the  specimens  described  in 
the  foregoing.  All  varieties  of  crystals  which  I have  as  yet  met 
with  may  be  brought  under  one  of  the  following  forms  : 

Quadratic  octahedron. — Primary  axis  always  shorter  than 
secondary  axes. 

Crossed  octahedra,  or  tropias,  imitating  the  appearance  of 
crossed  octahedra. 

Quadratic  octahedron  and  prism  combined. — The  same 
combination,  to  which  a second  prism  is  added. 

Crossed  prisms. 

Triple  twins,  with  tropia. 

Modifications  of  crossed  octahedra  by  a secondary  twin 
tropia,  affecting  the  points  of  the  octahedra. 

Contortions  and  anomalies. — Dumb-bells,  being  prisms 
with  apposition  of  irregular  matter  to  both  octahedral  ends, 
the  prismatic  sides  frequently  to  be  distinguished. 

Polarization  of  Oxalate  of  Lime. 

I have  already  remarked  that  pure  oxalate  of  lime  can 
readily  be  ascertained  to  possess  the  power  of  polarizing 
light.  But  the  ordinary  oxalate  of  lime,  the  octahedra, 
have  a very  faint  polarizing  power,  which  can  only  be  brought 
out  fully  by  reflecting  a ray  of  the  sun  through  the  crystal 
lying  between  the  two  Nichol  prisms,  and  excluding  from 
the  eye  every  other  light  but  that  coming  from  the  crystal 
in  the  microscope.  In  PI.  Y,  at  the  bottom  of  fig.  4,  I have 
represented  a large  crystal,  as  it  appeared  in  polarized  light. 
The  reader  has  only  to  supply  by  his  imagination  a bluish- 
black  field  round  the  crystals  in  order  to  complete  appear- 
ances. The  figure  at  the  right-hand  side  represents  the  large 
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crystal  seen  edgeways.  The  explanation  of  the  fact  that 
the  ordinary  octahedra  polarize  very  faintly  seems  to  be  that, 
as  they  are  very  flat,  their  principal  axis  is  mostly  standing 
almost  perpendicular.  Now  as  a crystal  polarizes  the  less, 
the  more  parallel  with  its  principal  axis  are  the  rays  of 
polarized  light  passing  through  it,  it  is  probable  that  the 
octahedra  polarize  only  little  because  the  polarized  light 
passing  through  them  is  almost  parallel  to  their  principal 
axis.  This  may  be  one  reason,  though  no  doubt  others  co- 
operate in  obscuring  the  polarization  of  light  by  these 
crystals  when  ordinarily  illuminated. 

It  is  now  clear  that  there  is  no  optical  reason  for  assuming 
octahedra  and  dumb-bells  to  be  made  up  of  different  mate- 
rials. And  as  there  is  not  a shadow  of  chemical  evidence  for 
the  supposition  that  the  dumb-bells  consist  of  oxaluratc  of 
lime,  they  must  for  the  present  continue  to  be  ranged 
under  the  oxalate,  with  which,  indeed.  Dr.  G.  Bird  proved 
them  to  be  identical  by  the  five  experiments  intended  to 
show  that  they  were  oxalurate  of  lime. 

Mode  of  determining  the  quantity  of  Oxalic  acid  in  Urine. 

Oxalic  acid,  which  may  be  present  in  the  urine  in  a free 
state,  is  transformed  into  a precipitate,  by  first  adding  to 
the  urine,  previously  neutralized  by  ammonia,  some  acetic 
acid,  and  then  a salt  of  lime,  for  example  chloride  of  calcium. 
The  precipitate,  after  several  hours’  or  days’  standing,  is  sepa- 
rated by  decantation  and  filtration.  The  oxalate  of  lime 
thus  obtained  may  be  transformed  into  the  sulphate  in  the 
manner  described  at  p.  199,  or  it  may  be  analysed  by  Hempel’s 
method,  given  at  p.  200. 

Pathological  indications. 

The  presence  of  oxalic  acid  or  any  of  its  compounds  in  urine 
may  indicate  that  oxalic  acid  or  any  of  its  compounds  has 
been  introduced  into  the  stomach,  as  an  ingredient  of  food,  as 
a medicine,  or  as  a poison.  Though  Wohler  had  long  ago 
proved  that  oxalic  acid,  when  taken  into  the  stomach,  might 
reappear  in  the  urine,  Schmidt  and  Lehmann1  both  denied 
that  such  was  the  case.  As  their  doubts  could  not  be  allowed 
to  supersede  the  proofs  of  Wohler,  Bucliheim2  repeated  the 
experiments  of  the  latter  chemist,  and  had  the  satisfaction 
of  obtaining  their  confirmation  in  every  instance. 

1 ‘ Physiol.  Chem.,’  Cavend.  Edit.,  i,’p.  45. 

5 ‘ Arcliiv  f.  physiol.  Ileilkunde,’  1857. 
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In  the  following-  I have  given  the  original  experiment  of 
Wohler,  and  the  extensive  analyses  of  Piotrowsky  and  Bucli- 
heim,  as  illustrations  of  the  manner  in  Avhich  researches  on 
this  and  other  subjects  should  be  conducted. 

Wohler  made  a middle-sized  dog  eat  two  drachms 
of  powdered  oxalic  acid  mixed  with  meat  and  bread.  After 
the  dog  had  been  killed  eight  hours  later,  there  were  found 
three  ounces  of  urine  in  the  bladder,  which  did  not  appear 
to  be  more  acid  than  usual.  On  the  urine  becoming  cool, 
there  was  deposited  a considerable  quantity  of  a white  powder, 
consisting  of  small  crystals  very  much  like  triple  phosphate. 
On  mixing  the  decanted  clear  urine  with  a solution  of  nitrate 
of  lime,  another  precipitate  of  a similar  description,  and  in 
the  same  quantity  as  the  first  spontaneous  one,  was  obtained. 
Both  precipitates  on  examination  were  proved  to  be  pure 
oxalate  of  lime.  They  transformed  into  carbonate  of  lime 
mixed  with  some  charcoal,  on  exposure  to  red  heat,  did  not 
evolve  any  ammonia  by  heat  or  fusion  with  potash,  were 
quietly  soluble  in  nitric  acid,  and  again  precipitated  in  a 
crystalline  state  by  ammonia.  When  heated  with  a solution 
of  carbonate  of  ammonia,  carbonate  of  lime  was  formed, 
and  the  filtrate  on  evaporation  yielded  a crystalline  salt, 
having  all  the  properties  of  oxalate  of  ammonia.  Besides 
these  ingredients,  the  urine  contained  a considerable  quantity 
of  albumen.  The  precipitate  obtained  by  nitrate  of  lime 
most  probably  contained  some  phosphate  of  lime. 

Piotrowsky,  under  Buchheim’s  directions,  has  repeated 
these  experiments  upon  himself.  In  order  to  ascertain  the 
degree  of  accuracy  with  which  oxalic  acid  in  urine  could  be 
determined  quantitatively,  the  urine  of  twenty-four  hours, 
amounting  to  987‘8  grammes,  was  mixed  with  a solution  of 
PO  gramme  of  crystallized  oxalic  acid,  which  had  before 
been  neutralized  by  ammonia.  The  mixture  was  evaporated 
to  one  sixth  of  its  original  bidk,  strongly  acidulated  with 
acetic  acid  to  keep  phosphates  in  solution,  and  then  had 
some  chloride  of  calcium  mixed  with  it.  The  precipitate,  after 
standing  for  several  days,  was  collected  on  a filter,  pressed 
between  bibulous  paper,  and  dissolved  in  hydrochloric  acid ; 
from  the  solution  uric  acid  was  removed  by  filtration ; the 
filtrate  was  neutralized  with  ammonia,  and  again  acidulated 
with  acetic  acid.  The  oxalate  of  lime  thus  obtained  after 
filtration  and  drying,  at  a temperature  of  120°  C.  (248°  F.), 
amounted  to  P087  grammes,  corresponding  to  0931  grammes 
of  crystallized  oxalic  acid.  The  same  proceeding  was 
adopted  in  the  following  experiments  : 
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a.  Fi'ee  oxalic  acid. — I.  Five  grammes  of  crystallized  oxalic 
acid,  in  doses  of  1 gramme  each,  were  taken  in  the  course  of  five 
hours,  and  the  mane  was  collected  during  twenty-four  hours 
from  the  beginning  of  the  experiment.  It  was  very  turbid 
after  a few  hours.  When  filtered  it  did  yet  contain  some 
salts  of  lime,  showing  that  all  the  lime  was  not  combined 
with  oxalic  acid.  The  total  quantity  from  the  twenty-four 
hours  was  1588'5  grammes,  and  yielded  0'418  grammes  of 
anhydrous  oxalate  of  lime,  corresponding  to  041 15  grammes  of 
crystallized  oxalic  acid,  being  8'23  per  cent,  of  the  quantity 
taken. 

II.  Seven  grammes  of  oxalic  acid  were  taken  in  the  course 
of  six  hours.  The  thick,  neutral  urine,  whose  quantity  was 
1443 ’4  grammes,  contained  the  oxalate  of  lime  almost  exclu- 
sively in  the  shape  of  dumb-bells.  After  it  had  been  eva- 
porated, acidified,  and  left  standing  for  several  days,  the 
filtrate  gave  no  evidence  of  the  presence  of  lime,  but  the 
addition  of  chloride  of  calcium  produced  a fresh  precipitate. 
The  first  precipitate,  free  from  water,  amounted  to  0735 
grammes,  the  second  to  0241  grammes,  together  correspond- 
ing to  0'961  grammes  of  crystallized  oxalic  acid,  being 
13  /2  per  cent,  of  the  quantity  taken. 

III.  Seven  grammes  of  oxalic  acid  were  taken,  as  in  Exp. 
II.  The  urine  amounted  to  138(12  grammes ; the  first  pre- 
cipitate to  O' 766  grammes,  the  second  to  0457  grammes, 
together  corresponding  to  0'909  grammes  crystallized  oxalic 
acid,  or  12'98  per  cent,  of  the  quantity  taken. 

IV.  Eight  grammes  of  oxalic  acid  were  taken  in  the 
course  of  several  hours.  The  quantity  of  the  acid  turbid 
urine  was  1513  grammes:  that  of  the  first  precipitate  0'878 
grammes ; that  of  the  second  O' 302  grammes,  corresponding 
to  1462  grammes  of  oxalic  acid,  or  14'52  per  cent,  of  the 
quantity  ingested. 

b.  Oxalate  of  soda. — V.  Seven  grammes  of  oxalic  acid 
were  neutralized  with  carbonate  of  soda,  and  the  solution 
was  evaporated  to  dryness.  The  salt  thus  obtained  was 
taken  in  six  doses  in  the  course  of  several  hours.  The  quan- 
tity of  acid  turbid  urine  voided  in  the  subsequent  twenty- 
four  hours  was  1678 '6  grammes.  The  spontaneous  precipi- 
tate amounted  to  O' 759;  the  second,  artificially  produced  one 
to  0'296  grammes,  corresponding  to  1'039  grammes  of 
crystallized  oxalic  acid,  equal  to  14'84  per  cent,  of  the  quan- 
tity taken. 

c.  Acid  oxalate  or  binoxalate  of  soda. — VI.  Four  grammes 
of  oxalic  acid  were  neutralized  with  carbonate  of  soda.  To  the 
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solution  four  grammes  of  oxalic  acid  were  added,  and  the 
fluid  evaporated  to  dryness.  The  residue  wras  taken  in 
several  doses.  It  created  considerable  thirst,  and  the  quan- 
tity *of  urine  rose  in  proportion  to  the  amount  of  water 
drunk,  to  2976'3  grammes.  The  first  precipitate  weighed 
0883  grammes,  the  second  0324<  grammes,  together  corre- 
sponding to  IT 88  grammes  of  crystallized  oxalic  acid,  being 
14‘85  per  cent,  of  that  taken. 

d.  Oxalate  of  lime. — VII.  Seven  grammes  of  oxalic  acid  were 
neutralized  with  ammonia,  and  precipitated  with  chloride  of 
calcium.  The  dried  precipitate  was  taken  by  an  individual 
who  had  not  served  for  any  experiments  with  oxalic  acid. 
The  urine  amounted  to  1215-4  grammes,  Avas  acid,  somew'hat 
turbid,  and  made  only  a slight  deposit,  which,  under  the 
microscope,  consisted  of  crystals  of  oxalate  of  lime,  and 
amounted  to  0T05  grammes, corresponding  to  0T034  grammes 
of  oxalic  acid,  being  1T77  per  cent,  of  the  amount  ingested. 
The  urine  did  yet  contain  some  lime  in  solution.  In  the 
normal  urine  of  the  same  person,  which  was  collected  a few 
days  afterwards,  and  amounted  to  1264-4  grammes,  no  ap- 
preciable quantity  of  oxalate  of  lime  could  be  detected. 

VIII.  A second  experiment  was  made  with  another  indi- 
vidual, whose  urine  under  the  microscope  exhibited  a few 
scattered  crystals  of  oxalate  of  lime,  which  could,  howrever, 
not  be  determined  by  weight ; seven  grammes  of  oxalic  acid, 
in  the  form  of  oxalate  of  lime,  wrere  taken.  The  urine  was 
more  turbid  than  in  the  former  experiment,  and  yielded 
0T18  grammes  of  oxalate  of  lime,  corresponding  to  0T162 
grammes  of  crystallized  oxalic  acid,  or  l- 659  per  cent. 

The  specimens  of  oxalate  obtained  in  the  last  two  cases 
were  each  exposed  to  red  heat,  dissolved  in  dilute  hydro- 
chloric acid,  and  treated  with  some  chloride  of  barium.  In 
both  an  insignificant  turbidity  ensued,  so  that  they  could 
have  contained  only  very  small  quantities  of  gypsum. 

The  experiments  show  that  large  quantities  of  oxalic  acid 
may  be  taken  with  impunity  if  taken  in  hourly,  or  otherwise 
divided,  doses.  They  do  not  militate  against  the  fact  that 
oxalic  acid,  taken  in  doses  of  half  a drachm  to  one  or  two 
drachms  at  a time,  is  a deadly  poison.  They  also  prove  that  a 
part  of  the  oxalic  acid  in  any  form,  taken  in  larger  and  repeated 
doses,  makes  its  reappearance  in  the  urine,  partly  as  oxalate 
of  lime,  partly  as  a soluble  oxalate ; but  the  larger  proportion 
of  the  oxalic  acid  taken  disappears  in  the  system,  without 
appearing  in  the  urine  as  carbonate,  in  cases  where  the  acid 
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or  neutral  salt  has  been  taken.  The  quantity  of  oxalic  acid 
passing  into  the  urine  is  not  different,  if  oxalic  acid  be  taken 
as  such,  or  in  combination  with  alkalies.  But  if  taken  in 
combination  with  lime,  only  a small  per  centage  of  the  oxalic 
acid  reappears  in  the  urine,  because  the  greater  part  of  the 
oxalate  of  lime  passes  unchanged  through  the  intestines,  and 
is  discharged  with  the  faeces,  as  was  proved  by  Magawley  and 
Buchheim1  in  two  experiments.  In  two  experiments  with 
oxalate  of  magnesia,  this  salt  seemed  to  be  decomposed  in 
the  intestinal  canal  in  larger  quantity  than  the  lime  salt. 
The  quantity  of  lime  in  the  urine  after  ingestion  into  the 
stomach  of  oxalic  acid,  or  its  salts,  is  neither  increased  nor 
diminished. 

The  following  table  perspicuously  exhibits  the  results  of 
the  above  observations : 
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The  presence  in  the  urine  of  any  considerable  quantity  of 
oxalic  acid,  in  any  form,  for  a longer  period  of  time,  during 
which  the  ingestion  of  oxalic  acid,  in  any  form,  into  the  stomach 
teas  excluded,  indicates  the  existence  of  a disorder,  the  nature 
of  which  is,  at  present,  entirely  unknown.  This  disorder,  to 

which  the  names  of  oxalic  acid  diathesis  and  oxaluria  have 

* . • 

been  applied  by  systematic  ontologists,  has  a great  tendency 
to  the  production  of  oxalate  of  lime  concretions  in  the 
urinary  passages.  It  is  not  ascertained  whether  the  oxalic 
acid  in  these  cases  is  formed  in  the  circulation,  or  only  in  the 
urinary  passages,  by  a peculiar  kind  of  fermentation  of  some 
normal  or  abnormal  ingredient  of  the  urine. 

1 Loc.  cit.,  p.  240.  See  further  on  this  subject,  Orfila,  ‘ Toxicologie  gen/  1843, 
i,  187. 
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Oxalate  of  lime  is  frequently  found,  in  not  very  small 
amounts,  in  the  urine  of  patients  recovering  from  severe  dis- 
eases} Thus,  Kletzinsky1 2  examined  the  first  urine,  after  the 
attack,  of  three  cholera  patients,  and  every  specimen  con- 
tained oxalate  of  lime.  Its  quantity  was  ascertained  by 
collecting  the  deposit  of  oxalate  and  any  precipitate  produced 
by  a lime-salt  on  a filter,  and,  after  washing,  dissolving  it  in 
hydrochloric  acid.  To  the  solution  chloride  of  gold  was 
added,  and  the  mixture  boiled,  until  no  further  reduction 
took  place.  From  the  weight  of  the  brownish- violet,  dicroic 
precipitate  of  metallic  gold,  the  quantity  of  oxalic  acid  pre- 
sent in  solution  was  calculated  upon  the  basis  of  31  An  = 
30  (C203  + H0). 

The  first  urine  of  the  first  patient  measured  457  cub.  cent., 
and  contained  278  milligrammes,  or  O' 6 per  mille,  of 
oxalic  acid. 

The  first  urine  of  the  second  patient  measured  460  cub. 
cent.,  and  yielded  58  milligrammes  of  oxalic  acid,  or  0125 
per  mille.  Thirteen  ounces  of  urine  contained  three  quarters 
of  a grain  of  oxalic  acid. 

The  first  urine  of  the  third  patient,  463  cub.  cent.,  yielded 
117  milligrammes,  or  0'25  per  mille,  of  oxalic  acid. 
Thirteen  ounces  contained  a grain  and  a half  of  the  acid. 

The  presence  in  urine  of  such  small  microscopical  traces  of 
oxalate  of  lime,  that  their  quantity  cannot  be  estimated  by 
quantitative  analysis,  is  of  no  practical  or  pathological  im- 
portance. The  question  after  their  origin  is  one  of  the 
greatest  difficulty  and  the  smallest  use,  and  therefore  I do 
not  propose  here  to  discuss  it. 

The  presence  of  oxalate  of  lime  in  the  urine  may  indicate 
disease  of  the  kidney,  with  which  it  is  not  rarely  associated. 
The  relations  between  the  oxalate  and  the  kidney  disease 
are,  however,  most  uncertain.  For,  whereas  the  experiment 
of  Wohler  shows  that  large  quantities  of  oxalic  acid  passing 
the  kidneys  may  so  irritate  them  as  to  produce  the  appearance 
of  albumen  in  the  excretion,  it  is  not  unreasonable  to  think 
that,  in  some  cases  of  disease  or  poisoning,  a similar  relation 
might  exist.  But  these  investigations  are  surrounded  with 
many  difficulties,  which  make  speculation  more  than  ordi- 
narily dangerous. 

The  following  case  is  one  in  which  considerable  quantities 
of  oxalate  of  lime  were  present  in  albuminous  urine  of  a 
patient,  who  succumbed  to  disease  of  the  kidneys. 


1 Walsh,  ‘ Month.  Journ.  of  Med.  Science.,’  Jan.,  1849. 

3 S.  H.  Flamin,  ‘ Cholera  und  Vergiftung,’  Wien,  1856,  p.  4. 
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R.  D — , set.  30,  the  wife  of  a policeman.  She  had  been  for  some  time  under 
the  treatment  of  Dr.  Smiles,  and  improved  considerably.  Iler  illness  she  dates 
from  the  time  of  her  last  confinement,  which  was  very  severe,  and  caused  pro- 
lapsus uteri.  About  six  weeks  ago,  the  urine  became  turbid,  and  she  got  very 
weak  and  thin  ; her  feet  swelled,  her  body  emaciated,  and  the  emaciation  was 
the  more  apparent  as  she  was  pregnant  in  the  sixth  month.  She  had  an  abscess 
at  the  outer  side  of  the  middle  of  her  left  thigh. 

Her  tongue  was  very  foul,  covered  with  a thick,  white  fur,  and  yellowish-brown 
in  the  middle.  She  had  little  appetite,  and  could  not  fancy  anything.  Her  bowels 
were  regular.  She  was  very  thin  indeed  ; abdomen  very  prominent ; her  feet  were 
excessively  swollen,  particularly  so  over  the  instep.  The  urine  was  turbid  on 
making,  and  became  still  more  so  on  standing.  She  said  it  was  dark,  and  like 
blood  sometimes.  The  abscess  discharged  a thin  pus. 

Urine  of  May  15th. — Loaded  with  the  urate  of  ammonia.  Reaction  decidedly 
acid.  Specific  gravity,  at  the  temperature  of  the  body,  1017.  It  did  not  become 
clear,  but  made  a sediment,  which  became  more  apparent,  and  subsided  more 
readily  to  the  bottom  when  the  urine  was  mixed  witli  twice  its  bulk  of  warm 
water,  and  allowed  to  stand  in  warm  water.  The  deposit,  when  examined  under 
a power  of  400  diameters,  consisted  of  an  immense  number  of  small  crystals  of 
octahedral  oxalate  of  lime,  with  which  there  was  a certain  proportion  of  small 
and  large  dumb-bell-shaped  crystals  or  bodies  mixed  up.  Epithelial  scales  and 
granular  casts  of  the  tubules  of  the  kidneys  were  present  in  numbers.  (See 
Plate  V,  fig.  6.) 

A part  of  the  urine  was  then  filtered  and  warmed,  whereupon  it  became  per- 
fectly clear.  On  being  now  heated,  it  became  slightly  turbid,  and  on  the  addi- 
tion of  a few  drops  of  nitric  acid,  the  fluid  became  of  a dark  colour,  and  the 
turbidity  assumed  the  appearance  of  flakes. 

lx  Mist.  Ferri  c.  Quinin.,  ter  die. 

She  states  the  quantity  of  urine  to  have  been  very  small  a few  weeks  ago,  only 
one  or  two  table-spoonfuls  having  been  passed  at  a time,  and  that  not  very 
frequently. 

May  19th. — I was  summoned  this  morning  to  the  patient,  who  during  the  night 
had  been  attacked  by  sickness  and  vomiting.  I found  her  perfectly  prostrate, 
crouched  up  in  her  bed,  throwing  her  clothes  about  in  a restless  manner.  She 
complained  of  pain  at  the  back  of  her  head  and  neck,  of  pain  in  her  stomach, 
and  particularly  across  her  loins.  She  was  incoherent  in  her  replies,  grasping 
the  hand  which  was  approached  to  feel  her  pulse.  The  latter  was  excessively 
weak,  respiration  frequent,  evidently  blood-hunger,  viz.,  there  tvas  more  air  in 
the  lungs  than  the  heart  could  drive  blood  into  them  to  absorb.  The  vomiting 
had  been  very  severe,  and  the  retching  had  continued  for  several  hours  from  two 
o’clock  last  night.  I saw  the  colour  of  bile  on  her  night-gown. 

In  the  afternoon  she  had  got  worse,  being  apparently  unconscious,  and  only 
at  intervals  recognising  her  relatives.  Her  limbs  were  in  a constant  spasmodic 
action,  like  severe  fidgets,  and  the  levatores  angulorum  oris  were  in  that  peculiar 
spasmodic  action,  which  constitutes  a feature  of  the  sardonic  grin,  or  of  incipient 
tetanus.  Pulse  weak,  irregular ; extremities  cold. 

She  had  twice  made  water  that  day.  Both  specimens  intensely  acid,  con- 
tained abundance  of  octahedra  and  dumb-bell  crystals,  casts,  and  albumen. 

She  died  in  the  evening. 

Post-mortem  examination,  May  20th,  afternoon. — I was  assisted  by  Mr.  J.  Paul, 
the  resident  medical  officer  of  the  St.  Pancras  Royal  General  Dispensary.  The 
emaciation  of  the  body  was  extreme,  a skeleton  covered  with  parchment.  Ab- 
domen very  prominent;  dry  sore  at  the  outer  side  of  the  middle  of  left  thigh  ; 
feet  somewhat  cedematous,  particularly  over  instep.  Slight  rigor  mortis. 

The  pericardium,  which  contained  some  serum,  was  t Hen  opened.  All  the 
blood-vessels  going  from  or  to  the  heart  were  then  ligatured  twice.  The  heart 
was  then  removed,  and  both  sides  were  emptied  of  their  contents  in  such  a 
manner  as  to  keep  venous  and  arterial  blood  separate.  Both  were  fluid,  and  of 
a dark  crimson-lake  colour.  There  were  some  fibrinous  coagula  in  the  cavities 
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of  the  heart,  having  the  appearance  and  colour  of  the  yellow  fat  of  hot  roast-heef. 
The  heart  itself  was  excessively  thin  and  flabby,  brownish-red,  and  the  tissue  in 
a sort  of  broken-up  condition,  a degeneration  in  which  the  muscular  fibres  divide 
into  the  elementary  fibrils,  which  appear  at  the  broken  end  of  a fibre  like  the 
hair  on  the  end  of  a painting  brush.  There  was  some  fatty  and  some  other 
granular  matter,  besides  numerous  nuclei  deposited  in  the  substance  of  the 
fibres ; the  heart  was  very  tearable.  The  lungs  were  then  taken  out,  after  the 
blood  from  their  veins  and  that  from  the  upper  cava  had  been  collected  sepa- 
rately, being  taken  with  spoons  out  of  the  pericardium.  This  too  was  very  thin, 
and  perfectly  fluid.  The  lungs  appeared  sound  in  structure,  with  the  exception 
of  a few  hard  nodes  on  the  tops,  particularly  the  left  top,  which  appeared  like 
contracted  scars  of  healed- up  cavities.  Some  few  small  tubercles  were  present. 
With  these  exceptions,  the  lungs  themselves  were  sound  in  structure  ; but  they 
adhered  to  the  thorax.  The  thoracic  aorta  was  somewhat  filled  with  fluid 
blood. 

The  stomach  contained  some  medicine,  port  wine,  and  mucous  matter;  the 
small  and  large  intestines  presented  nothing  peculiar.  The  liver  was  large,  and 
showed  signs  of  hepatic  venous  congestion  (nutmeg  liver).  It  was  taken  out 
with  all  its  vessels  ligatured,  to  retain  the  blood  in  the  organ.  The  spleen  and  pan- 
creas showed  nothing  particular.  The  kidneys  were  of  ordinary  size,  perhaps,  a 
little  thicker  than  usual.  In  the  pelvis,  they  contained  a smeary  mass,  covering 
the  pyramids  and  lining,  consisting  of  tubular  epithelium  and  casts,  fatty  matter, 
and  softened  epithelium  of  the  calyces.  But  no  trace  of  oxalate  of  lime  crystals, 
either  in  dumb-bells  or  octahedra,  could  be  discovered.  On  a section  of  the 
kidneys  being  made,  they  exhibited  several  of  their  pyramids  in  fatty  degene- 
ration and  atrophy,  an  appearance  which  was  verified  by  the  microscope.  The 
tubular  epithelium  was  fatty.  The  Malpighian  corpuscles  were  normal  in  size 
and  condition,  and  their  numbers  did  not  seem  to  be  diminished,  except, 
perhaps,  over  the  fibrous  parts,  where  they  could  not  be  detected. 

The  womb  contained  a foetus  of  four  months.  Some  of  the  liquor  amnii  was 
collected,  as  also  some  of  the  blood  of  the  foetus. 

There  was  no  stone  in  the  bladder,  of  which  also  there  had  been  no  symptoms 
during  life. 

The  blood  showed  a degree  of  leukocythosis,  a large  excess  of  white  blood- 
corpuscles  being  present.  After  two  days’  standing  in  the  corked  bottles 
it  coagulated,  and  permitted  the  clear  serum  to  be  decanted  from  the  cake. 
This  fact  deserves  attention,  for  the  cases  in  which  fluid  blood  is  found  in  the 
great  vessels  (heart  included)  not  being  rare,  and  there  being  frequently  no 
opportunity  for  letting  a sample  of  the  blood  stand  for  a day  or  two,  in  order  to 
test  it  upon  its  coagulability,  the  blood  may  easily  be  put  down  as  absolutely 
not  coagulable,  while  the  coagulation  is  only  delayed  by  the  peculiar  condition 
of  the  fluid,  and  takes  place  much  as  usual,  only  after  a certain  lapse  of  time. 

The  decanted  serum  was  dried  in  the  water-bath,  and  preserved  in  a well- 
corked  bottle  for  future  examination.  Another  quantity  of  blood,  that  contained 
in  the  ascending  cava,  the  hepatic  veins,  and  the  portal  vein,  was  mixed  with 
water  before  it  had  time  to  coagulate ; this  contained  fibrine,  serum,  and  blood- 
corpuscles  in  solution.  This  was  immediately  subjected  to  chemical  analysis. 

The  bile,  gall-bladder,  or  its  mucus  and  mucous  membrane,  showed  no  traces 
of  oxalate  crystals,  even  after  several  days’  standing,  and  repeated  examinations. 

There  were  no  crystals  in  the  liquor  amnii,  nor  in  the  mucus  from  the  surface 
of  the  child,  the  inner  surface  of  the  womb,  nor  in  the  meconium,  which  had 
passed  into  the  liquor  amnii.  In  short,  in  no  part  of  the  body  (bladder  un- 
examined) were  any  crystals  detected.  I was  induced  to  this  examination  by  u 
statement  of  C.  Schmidt,  who  found  the  oxalate  octahedra  in  the  womb  and 
gall-bladder  of  certain  cases. 

The  analysis  of  the  blood,  which  was  conducted  with  great  care,  and  which  it 
would  serve  no  purpose  here  to  detail,  yielded  no  evidence  of  the  presence  of 
oxalic  acid. 
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Concretions  of  Oxalate  of  Lime. 

Sand  and  gravel. — Small  concretions  of  oxalate  of  lime  of 
tlie  size  of  uric  acid  sand  (see  p.  110),  are  rarely,  if  ever  met 
with.  But  there  is  a variety  of  oxalate  of  lime  concretions, 
of  small  size,  pale  colour,  and  smooth  surface,  and  usually 
containing  some  urate  of  soda.  They  are  most  frequently 
found  in  the  calyces  of  the  kidneys,  and  being  many  in  num- 
ber they  exhibit  the  effects  of  prolonged  attrition.  These 
concretions,  termed  hemp-seed  calculi,  or  gravel,  are  not 
seldom  passed  by  elderly  persons  after  severe  nephritic 
attacks  characterising  the  passage  through  the  ureters  of 
concretions. 

Renal  concretions  of  oxalate  of  lime  are  frequently  of  a 
very  large  size,  particularly  when  uric  acid  has  supervened. 
According  to  Prout,  the  pain  and  derangement  caused  by  oxa- 
late concretions  in  the  kidneys  usually  assume  different 
characters  from  the  pain  and  derangement  attending  litliio 
acid  concretions.  The  pain  is  generally  of  a more  acute 
character;  and  though  principally  referred  to  a particular 
spot  over  the  region  of  the  kidney,  is  often  discursive, 
and  shoots  in  the  direction  of  the  ureter,  epigastrium,  or 
shoulder. 

The  same  author  observed,  that  renal  haemorrhage,  re- 
ferable to  concretions,  had  become  very  much  more  frequent 
after  two  epidemics  of  cholera  in  London.  It  remains  to  be 
ascertained,  whether  the  occurrence  of  oxalate  of  lime  in  the 
urine  of  cholera  patients  had  any  share  in  the  production  of 
these  concretions. 


Calculi  of  Oxalate  of  Lime. 

The  purest  concretions  of  oxalate  of  lime  are  the  white 
crystallized  variety,  of  which  I have  already  noticed  three 
specimens  preserved  in  the  Museum  of  the  Boyal  College  of 
Surgeons.  Such  a calculus  is  represented  by  Prout,  on 
Plate  V,  fig.  7*.  The  mode  in  which  the  large  crystals  are 
deposited  on  these  calculi,  leaves  no  doubt  of  their  having 
been  formed  in  the  bladder  from  a solution  of  oxalic  acid 
and  lime.  On  a section,  these  and  the  crystalline  calculi 
exhibit  peculiar  crystalline  fibres,  running  from  the  centre  in 
irregular  curved  lines  towards  the  periphery,  and  mostly 
ending  in  the  projections  which  give  these  calculi  their 
peculiar  uneven  surface.  Though  layers  may  be  distinguished. 
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yet  they  are  not  so  distinct,  nor  so  regular,  as  in  the  uric 
acid  concretions. 

The  peculiar  tubercnlated  surface  of  the  smaller  variety  of 
the  oxalate  of  lime  concretions  has  caused  the  name  of  mid- 
berry  calculi  to  be  applied  to  them. 

The  colour  of  those  oxalate  of  lime  calculi  which  are  of 
more  frequent  occurrence  than  the  white  crystallized  variety 
is  generally  deep  brown,  sometimes  approaching  to  very  dark 
olive-green.  This  olive-green  shade  is  also  exhibited  by 
most  microscopical  crystals.  In  some  calculi  the  colour  be- 
comes brownish-black.  These  calculi  are  mostly  very  hard. 

Layers  of  Oxalate  of  Lime  in  alternating  and  mixed  calculi. 

The  most  simple  alternating  calculus  to  be  here  con- 
sidered is  an  oxalate  of  lime  stone,  Avith  a crust  of  phosphate 
of  lime,  or  mixed  phosphates.  This  phosphatic  crust  is  the 
produce  of  the  decomposition  of  urine  caused  by  the  pre- 
sence of  the  calculus  in  the  bladder,  it  is  the  consequence  of 
mechanical  disease.  Calculi,  in  which  a nucleus  of  the  oxa- 
late, however  large,  is  surrounded  by  a body  of  uric  acid, 
suggest  a different  history.  Here,  the  condition  of  the  urine, 
which  gave  rise  to  the  oxalate  concretion,  must  have  changed 
into  the  acid  fermentation.  The  reverse  is  the  case  in  cal- 
culi having  a uric  acid  nucleus,  and  one  or  more  layers  of 

oxalate  of  lime.  A nucleus  of  oxalate  of  lime  may  be  sur- 

%> 

rounded  by  a mixed  body,  generally  consisting  of  oxalate  of 
lime,  uric  acid,  and  urates,  rarely  of  cystine  and  phosphates. 
Most  mixed  calculi,  or  mixed  layers  of  alternating  calculi, 
contain  smaller  or  larger  quantities  of  oxalate  of  lime. 

Chemical  characters  of  Oxalate  of  Lime  concretions. 

The  powder  of  such  a concretion  is  not  affected  by  acetic 
acid ; dilute  mineral  acids,  however,  dissolve  it  without 
effervescence.  From  the  latter  solution  it  is  precipitated  by 
an  excess  of  ammonia.  A small  piece  of  the  concretion 
heated  before  the  blowpipe,  at  first  becomes  black,  from  the 
admixture  of  a variable,  but  always  small,  quantity  of  organic 
matter,  mostly  urates  and  epithelium.  It  then  becomes 
white,  and  ultimately  leaves  a bulky  residue,  which  when 
moistened  with  water  exerts  an  alkaline  reaction  on  red 
litmus  paper,  and  effervesces  with  acids.  The  residue  is 
therefore  carbonate  of  lime,  with  an  admixture  of  caustic 
lime. 
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Statistics  of  Oxalate  of  Lime  concretions. 

The  general  proportion  of  calculi  into  the  nucleus  of 
which  oxalate  of  lime  largely  enters,  in  all  the  museums,  is 
as  1 : 4^ ; which  is  equivalent  to  saying,  that  if  a mulberry 
stone  had  not  been  formed  and  detained  in  the  bladder,  two 
persons  out  of  about  nine  who  suffer  from  calculus  would 
not  have  been  troubled  with  that  affection.  The  general 
proportion  of  calculi  consisting  essentially  of  oxalate  of  lime 
to  all  other  calculi  is  as  1 to  15.  The  ratio  in  which  in 
alternating  calculi  the  oxalate  of  lime  succeeds  to  uric  acid, 
is  as  1 to  15f ; on  the  contrary,  the  ratio  in  which  uric  acid 
succeeds  to  oxalate  of  lime  is  as  1 to  lSf?.  Hence  the 
alternation  of  the  two  ingredients  may  be  considered  as 
nearly  equal.  The  oxalate  of  lime  succeeds  to  the  urate  of 
ammonia  more  frequently  than  to  uric  acid.  Thus  the  ratio 
in  which  the  oxalate  of  lime  succeeds  to  the  urate  of  am- 
monia is  1 to  9f . On  the  contrary,  the  ratio  in  which  the 
urate  of  ammonia  succeeds  to  the  oxalate  of  lime,  is  only  as 
1 to  38;  a very  striking  distinction.  The  phosphates  suc- 
ceed to  the  oxalate  of  lime  in  the  proportion  of  1 to  7\,  and 
the  proportion  in  which  the  oxalate  of  lime  succeeds  to  the 
phosphates  is  as  1 to  253 \ only.  (Prout.) 
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Formula  : 2HO  . C12H10O10,  or  C12H,0O8  I n 

Ho  J u4- 

Composition  in  100  parts  : Carbon  . . 40  00 

Hydrogen  . 6‘G7 

Oxygen  . . 53  33 

100-00 


Occurrence. 

The  name  of  tbis  acid  is  derived  from  its  occurrence  in 
sour  milk.  It  is  found  in  the  juice  of  the  muscles  of  man 
and  animals.  It  has  been  found  in  the  urine  under  various 
circumstances  by  Lehmann ; other  chemists,  however,  e.  g., 
Liebig,  Pelouze,  and  Gregory,  have  never  been  able  to  find 
it  in  urine.  Under  certain  conditions  it  is  formed  during 
the  fermentation  of  sugar,  and  consequently  is  found  in 
many  fermented  acid  liquids,  particularly  the  juice  of  sauer- 
kraut, or  fermented  cabbage,  a dish  which  is  peculiar  to  the 
Germans. 


Mode  of  obtaining  it  pure. 

Lactic  acid  may  be  produced  from  alanine,  by  treating  this 
artificial  base  with  nitrous  acid. 


2(CgHtN04) 

Alanine 


+ 2NO3  — C^H^O^  + 4N  + 2IIO. 


Lactic  acid. 


By  the  artificial  fermentation  of  sugar,  lactic  acid  may  be 
obtained  in  large  quantities.  The  following  prescription  of 
Bensch1  is  very  profitable:  6 parts  of  cane-sugar,  -j*6th  part 


1 ‘Ann.  d.  Chem.  und  Pharm.,’  lxi,  p.  174. 
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of  tartaric  acid,  8 parts  of  sour  milk,  }2  part  of  old  cheese, 
and  3 parts  of  levigated  chalk,  are  mixed  with  26  parts  of 
water  and  exposed  to  a temperature  of  32°  C.  (90°  F.)  In 
the  course  of  ten  or  twelve  days  the  mixture  is  transformed 
into  a semisolid  mass  of  lactate  of  lime.  This  is  boiled  with 
20  parts  of  water  and  T^tli  part  of  caustic  lime ; the  mixture 
is  filtered  while  boiling  hot,  and  then  gently  evaporated. 
From  the  concentrated  solution  lactate  of  lime  in  granules  is 
obtained  after  some  days’  standing.  The  salt  is  collected  in 
a calico  bag,  and  pressed  in  several  folds  of  linen,  to  free  it 
from  the  mother-liquor.  It  is  then  again  dissolved  in  twice 
its  weight  of  water,  and  decomposed  with  f-o  parts  of  sul- 
phuric acid.  The  precipitated  gypsum  is  removed  by  filtra- 
tion, and  the  acid  fluid  saturated  with  Toths  of  carbonate  of 
zinc.  The  crystallized  zinc  salt  is  then  decomposed  by  sul- 
phuretted hydrogen,  and  the  filtrate  is  evaporated  by  heat, 
lastly  in  vacuo.  The  lactic  acid  thus  obtained  may  he  fur- 
ther purified  by  solution  in  ether. 

Liebig’s  method  of  obtaining  lactic  acid  from  the  juice  of 
flesh. — The  mother  liquor  from  which  creatine  has  crystal- 
lized, is  evaporated  a little  more,  and  then  gradually  mixed 
with  small  portions  of  alcohol,  until  it  assumes  a milky  tur- 
bidity. After  a few  days’  standing  the  inosinates  have  crys- 
tallized. The  mother-liquor  from  this  crystallization  is  again 
evaporated  in  the  water-bath,  and  the  residue  treated  with 
alcohol,  which  dissolves  all  the  lactates.  The  solution  is  se- 
parated from  the  insoluble  syrup,  and  the  alcohol  is  evapo- 
rated to  a syrupy  consistence.  This  syrup  is  now  mixed 
with  an  equal  volume  of  dilute  sulphuric  acid  (composed  of 
one  volume  of  concentrated  acid  and  two  volumes  of  water), 
or  with  a solution  of  oxalic  acid  of  equal  strength ; of  the 
latter  so  much  must  be  added  that  a crystalline  precipitate 
ensues.  The  mixture  is  immediately  treated  with  three  or 
four  times  its  volume  of  alcohol.  The  sulphates  and  oxalates 
are  thereby  precipitated,  lactic  acid  remaining  in  solution. 
To  this  solution  ether  is  added,  until  the  addition  of  a new 
portion  does  not  produce  a fresh  turbidity.  The  precipitate 
is  separated  from  the  fluid  by  filtration,  the  filtrate  freed 
from  alcohol  and  ether  by  distillation  and  evaporated  on  the 
water-bath  to  a syrupy  consistence.  This  syrup  is  mixed 
with  half  its  volume  of  alcohol,  and  then  five  times  its  volume 
of  ether  is  added,  whereby  an  almost  pure  solution  of  lactic 
acid  in  ether  is  obtained.  The  ether  is  evaporated,  the 
residue  is  treated  with  milk  of  lime  ; the  lactate  of  lime  ob- 
tained after  filtration  and  evaporation  is  washed  with  alcohol, 
and  by  re-crystallization,  and,  if  necessary,  treatment  with 
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animal  charcoal,  is  obtained  perfectly  pure.  From  it  lactic 
acid  may  be  obtained  as  above. 


Mode  of  ascertaining  the  presence  of  Lactic  acid  in  Urine. 

The  urine  is  evaporated  on  the  water-bath  to  a syrupy  con- 
sistence, and  the  residue  treated  with  an  alcoholic  solution 
of  oxalic  acid.  Oxalate  of  lime,  potash,  soda,  and  urea,  are 
thereby  precipitated;  the  solution  contains  hydrochloric, 
phosphoric,  and  oxalic  acids,  and,  if  any  be  present,  lactic  acid. 
This  solution  is  now  treated  with  an  excess  of  hydrated 
oxyde  of  lead,  and  the  precipitate  of  chloride,  phosphate, 
oxalate,  and  the  excess  of  the  oxyde  of  lead  is  separated  from 
the  fluid  by  filtration.  The  fluid,  containing  lactate  of  lead, 
is  treated  noth  hydrotliion,  and  the  filtrate  after  boiling  with 
oxyde  of  zinc  and  filtration,  on  evaporation  and  standing, 
yields  crystals  of  lactate  of  zinc.  From  this  different  salts, 
or  the  acid  itself,  may  be  prepared. 

In  consequence  of  the  extremely  minute  quantities  of 
lactic  acid  to  be  obtained  from  the  animal  fluids,  Lehmann 
adopts  the  following  method,  with  a view  of  studying  the 
forms  of  the  different  salts  under  the  microscope.  The  im- 
pure lactic  acid  from  the  alcoholic  extract  of  the  matters 
treated  with  sulphuric  or  oxalic  acid,  is  treated  with  baryta 
water,  and  the  excess  of  the  baryta  removed  by  carbonic 
acid ; the  solution  of  lactate  of  baryta  is  evaporated  to  the 
consistence  of  a syrup,  treated  with  alcohol,  filtered,  again 
evaporated,  and  then  allowed  to  stand  for  some  time,  in  order 
that  any  other  baryta  salts  may  crystallize.  If  butyric  acid 
were  present  in  the  urine,  it  would  at  this  stage  be  obtained 
from  the  solution.  The  filtrate,  or,  if  there  was  no  crystalli- 
zation, the  fluid,  is  dissolved  in  water,  and  decomposed  with 
a solution  of  gypsum ; the  fluid  from  which  the  sulphate  of 
baryta  has  been  removed  by  filtration  is  strongly  concen- 
trated, and,  on  examining  it  under  the  microscope,  the 
double  brashes  of  lactate  of  lime  may  be  easily  distinguished 
from  the  crystals  of  gypsum.  On  dissolving  these  crystals  of 
lactate  of  lime  in  alcohol,  and  adding  sulphate  of  copper  to 
the  alcoholic  solution,  the  fluid,  after  standing  for  some  time 
(in  order  that  the  excess  of  sulphate  of  copper  and  the  gypsum 
that  is  formed  may  separate  as  completely  as  possible),  is 
evaporated  so  as  to  crystallize,  and  the  crystals  of  lactate  of 
copper  are  then  microscopically  examined.  If,  by  the  above 
process,  we  do  not  obtain  distinct  and  measurable  crystals, 
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we  must  dissolve  the  residue  in  a little  water,  and,  after  boil- 
ing it  to  remove  any  butyric  acid  that  may  yet  remain  be- 
hind, filter  and  concentrate  it.  Into  this  concentrated 
solution  of  lactate  of  copper  a small  bar  of  zinc  is  placed. 
The  zinc  soon  becomes  covered  with  crystals  of  lactate  of 
zinc,  which  may  be  identified  under  the  microscope.  If  an 
accurate  crystallometric  investigation  cannot  be  instituted, 
we  must  precipitate  the  solution  of  the  zinc  salt  with  a boil- 
ing solution  of  protocliloride  of  tin,  and  allow  it  to  stand  for 
some  time;  on  then  making  a microscopical  examination,  we 
shall  find  clusters  of  crystals,  in  groups  of  thick  rhombic 
plates,  lying  close  upon  each  other.  The  demonstration  of 
the  different  salts  may  thus  serve  to  show  the  presence  of 
lactic  acid.  If  there  be  sufficient  material,  the  atomic  weight 
may  be  determined.  But  where  all  the  above  proofs  are 
present,  an  elementary  analysis  will  hardly  be  required. 

Physical  and  Chemical  properties. 

Lactic  acid  is  a colourless,  syrupy  liquid,  of  a strongly 
acid  taste.  Its  specific  gravity  is  F215.  It  is  soluble  in 
any  proportions  in  water,  alcohol,  and  ether.  When  its 
solution  in  water  is  heated,  a part  is  volatilized  with  the  va- 
pours of  water ; the  greater  part  of  the  acid,  however,  remains, 
and,  at  a temperature  of  130°  C.  (266  °F.),  loses  two  equivalents 
of  water,  and  is  thereby  transformed  into  the  anhydrous 
modification,  which  on  cooling  solidifies  into  a firm,  yellow- 
ish mass.  This  fuses  already  at  a temperature  below  100°  C. 
(212°  F.)  ; when  boiled  with  water,  it  becomes  again  con- 
verted into  the  ordinary  hydrated  lactic  acid.  If  the  acid  is 
heated  to  260°  C.  (500°  F.)  the  loss  of  four  equivalents  of 
water  transforms  it  into  lactide  (C12H808) . This  substance 
occurs  as  a sublimate,  and  from  its  alcoholic  solution  crystal- 
lizes in  white,  glistening,  rhombic  plates.  When  kept  in 
contact  with  water  for  some  time,  it  is  also  converted  into 
lactic  acid.  On  being  heated  rapidly,  lactide  is  decomposed 
into  aldehyde  and  carbonic  oxyde,  according  to  the  formula 

CI2H&08  = 2(C4H402)  + 4CO. 

This  has  led  to  the  conclusion,  that  lactic  acid  might  be  a 
copulated  compound  of  aldehyde  and  formic  acid,  according 
to  the  forhiula 

C,2HI20I2  = 2(C2H204  + C4H402). 

W hen  lactic  acid  salts  are  left  in  contact  with  putrefying 
bodies  at  a temperature  of  from  30°  to  35°  C.  (86°  to  95"  F.) 
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the  acid  is  transformed  into  butyric  acid  under  evolution  of 
carbonic  acid  and  hydrogen,  according  to  the  formula 

2CaO  . C12H10O10  + HO 
= CaO  . C8H703  + CaO  . C02  + 4Ii  + 3C02. 

Compounds. 

With  bases  lactic  acid  forms  neutral  salts  of  the  composition 

2MO  . C12H10O10,  or  C12H10O81q 

M2Ju^ 

and  acid  salts  of  the  composition 

MO  . HO  . C12H10O10,  or  C]2H10O8'l<~. 

HM  JU4* 

There  are  also  some  basic  salts. 

Lactate  of  lime,  2CaO  . C,2H10O10  -f  10  HO,  crystallizes  in 
granular  masses,  which  under  the  microscope  present  a 
radiary  arrangement  of  needles,  and  are  little  soluble  in  cold 
water  and  alcohol,  but  soluble  in  all  proportions  in  these 
fluids  at  the  boiling  heat. 

Lactate  of  zinc.  2ZnO  . C12H10O10  + 6HO. — This  salt  is 
soluble  in  58  parts  of  cold  and  6 parts  of  boiling  water. 
From  such  a concentrated  hot  solution  it  crystallizes  easily 
on  cooling  in  form  of  four-sided  prisms,  with  oblique  termi- 
nal planes. 

Lactate  of  copper.  2CuO  + C12H10O10  + 4HO. — It  crys- 
tallizes in  sky-blue  little  warts,  and  is  soluble  in  water  and 
alcohol. 

The  lactates  obtained  from  the  juice  of  flesh  exhibit  some 
differences  from  the  lactates  obtained  by  other  proceedings, 
which  has  led  to  the  conclusion  that  there  are  two  modifica- 
tions of  lactic  acid  present  in  the  respective  salts,  the  one 
from  flesh  being  a monobasic,  the  other,  obtained  by  the  fer- 
mentation of  sugar,  being  a bibasic  acid.  It  has  been  sug- 
gested that  the  former  might  be  composed  according  to  the 
formula  C6H606. 

Lactate  of  lime  from  the  juice  of  flesh  is  very  similar  to  the 
ordinary  lactate  of  lime  in  its  external  appearance.  It  con- 
tains, however,  only  8 equivalents  of  water  of  crystallization. 
It  is  also  less  soluble  in  water  than  the  ordinary  salt. 

Lactate  of  zinc  from  the  juice  of  flesh  contains  only  4 equi- 
valents of  water,  and  is  much  more  soluble  in  water  and 
alcohol  than  the  ordinary  lactate  of  zinc. 
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Pathological  indications. 

I liave  already  mentioned  the  most  important  circiim- 
stances,  normal  and  pathological,  under  which  lactic  acid  is 
found  in  various  parts  of  the  economy.  Its  occurrence  in 
urine  is  extremely  variable,  according  to  Lehmann,1  upon 
whose  researches  I have  mainly  relied  in  this  paragraph. 

In  all  cases  where  the  supply  of  lactates  to  the  blood  is  very 
great, — whether  this  depends  on  an  excess  of  acid  being  formed 
in  the  muscles,  or  on  the  use  of  a diet  tending  to  produce  it,  or 
an  imperfect  process  of  oxydation  in  the  blood, — lactic  acid  may 
be  detected  in  the  urine.  Hence  in  the  urine  of  the  same  indi- 
vidual, lactic  acid  may  on  one  day  he  present,  and  on  another 
absent.  In  the  mine  of  many  persons,  no  lactic  acid  can  be 
detected  ; and  in  the  urine  of  others  again  (especially  of  per- 
sons who,  in  consequence  of  repeated  catarrhs,  suffer  from 
partial  relaxation  of  the  pulmonary  tissue),  it  is  constantly 
present.  Stall-fed  animals,  living  on  amylaceous  fodder,  ex- 
crete lactic  acid  by  the  kidneys,  while  under  other  condi- 
tions this  acid  cannot  be  detected  in  their  urine.  In  most 
febrile  diseases  lactic  acid  may  be  recognised  in  the  urine. 

Urine  containing  a considerable  quantity  of  oxalate  of 
lime  almost  always  contains  some  lactic  acid  at  the  same 
time.  Scherer2  and  Marchand3  have  sometimes  observed  a 
considerable  amount  of  lactic  acid  in  the  urine  of  rachitic 
children,  and  Lehmann  noticed  it  in  the  osteomalacia  of 
adults. 

If  urine  is  to  be  examined  for  lactic  acid,  it  must  be  quite 
fresh.  For,  since  it  has  been  shown  by  Scherer  that,  on  ex- 
posure of  urine  to  the  atmosphere,  there  occurs  a gradual 
augmentation  of  the  free  acid,  which  is  mostly  lactic  acid,  it 
might  be  possible  to  mistake  a produce  of  the  first  stage  of 
the  acid  fermentation  of  urine  for  a produce  of  the  organism. 
Diabetic  urine  produces  lactic  acid  very  quickly  and  in  large 
quantities.  Now,  as  all  urine  contains  indican,  which  under 
certain  circumstances  may  be  transformed  into  sugar  and 
other  products,  the  formation  of  lactic  acid  in  any  urine  is 
possible ; in  this  way  also,  the  occurrence  of  acetic  acid  in 
all  putrefied  urine  seems  to  find  an  explanation.  It  is  also 
probable  that  the  butyric  acid  found  once  or  twice  in  urine 
was  a product  of  the  further  decomposition  of  a lactate. 


1 ‘ Physiol.  Chemistry,’  Cavendish  Soc.  Edit.,  vol.  i,  p.  92,  et  setj. 

2 ‘ Untersnchungen  zur  Pathologie,’  p.  74,  et  seq. 

3 ‘ Lehrbuch  der  Phvsiologischen  Chemie,’  p.  105. 
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The  presence  of  lactic  acid  in  fresh  urine  may  indicate  that 
acid  fermentation  is  taking  place  in  the  urinary  passages.  In 
these  cases  there  may  he  a deposit  of  uric  acid,  either  already 
formed  in  the  kidneys  or  bladder,  or  produced  soon  after 
emission. 


CHAPTER  XLIV. 


UROPHANIC  ORGANIC  ACIDS. 


Under  this  head  I wish  to  bring  to  the  notice  of  the 
reader  a series  of  organic  acids  which  never  appear  in  the 
urine  as  products  of  the  organism,  but  as  substances  simply 
passing  through  the  body  without  undergoing  destruction. 
Of  some  acids  only  a small  proportion  reappears  in  the  urine, 
after  the  ingestion  of  large  doses  into  the  stomach.  The 
same  acids  when  introduced  in  small  quantities  are  entirely 
oxydized  in  the  body,  and  their  salts  appear  in  the  urine  as 
the  carbonates  of  the  respective  bases.  In  this  sense,  oxalic 
and  lactic  acid,  as  we  have  already  seen,  may  sometimes  be 
called  urophanic  acids.  But  as  they  may  be  products  of  a 
morbid  process  of  the  organism  as  well,  they  do  not  exclu- 
sively belong  under  this  class,  and  have  therefore  been  treated 
of  separately.  Besides  the  acids  which  may  be  totally  oxy- 
dized in  the  body,  or  of  which  a small  proportion  only  may 
appear  in  the  urine,  we  have  to  notice  acids  of  which  the 
entire  amount  appears  either  unchanged,  or  partially  changed, 
or  combined.  Gallic  acid  seems  to  pass  unchanged  through 
the  body ; tannic  acid  is  transformed  into  gallic  and  pyro- 
gallic  acid;  salicylic  acid,  imitating  benzoic  acid,  combines 
with  glycocoll,  and  appears  in  the  urine  as  salicyluric  acid. 
The  occurrence  of  these  substances  in  urine  is  mostly  acci- 
dental, and  dependent  upon  the  inspiration  of  some  experi- 
menter, only  one  or  two  being  administered  as  medicines. 

It  would  be  exceeding  the  limits  of  usefulness  of  this 
treatise,  were  I to  give  the  chemical  properties  of  all  the 
acids  in  detail,  together  with  the  methods  by  which  they  are 
detected  in  the  urine.  The  older  facts  are  therefore  summarily 
given ; the  newer  ones,  however,  I have  given  a little  more 
extensively  when  relating  to  substances  of  importance. 
These  remarks  I wish  also  to  apply  to  the  manner  in  which 
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the  other  chapters  on  urophanic  substances  have  been 
treated. 

The  first  extensive  researches  on  the  changes  which  sub- 
stances introduced  into  the  stomach  undergo  or  not  undergo 
before  they  reappear  in  the  urine,  were  instituted  by  Wohler.1 
Many  urophanic  substances  were  investigated  by  W oilier  and 
Frerichs2  conjointly,  and  by  Heller  and  Kletzinsky,  who  con- 
tributed many  papers  in  the  six  volumes  of  Heller’s  ‘ Archiv.’ 
The  rest  of  the  observations  were  made  by  sporadic  observers, 
whom  I shall  have  an  opportunity  of  quoting  under  the 
several  articles. 


1.  SUCCINIC  ACID. 

Formula : 2HO  . C8H406,  or  C8H404 1 n 

H2iU4* 

Succinic  acid  was  found  by  Wohler  in  the  urine  of  a dog, 
to  whom  he  had  given  half  a drachm  of  the  acid. 
Kletzinsky3  also  found  succinic  acid  in  the  urine  when  he 
had  taken  a salt  of  it.  Buchheim,  on  the  contrary,  could 
never  find  any  trace  of  succinic  acid  in  the  urine,  no  matter 
whether  it  was  taken  in  the  form  of  salt  or  free,  and  in  large 
quantities.  The  amount  of  hippuric  acid  was,  however,  found 
to  be  considerably  increased,  an  observation  also  made  by 
Dr.  W.  Kiihne.4 


2.  MALIC  ACID. 

Formula:  2HO  . C8H408,  or  C8H406dn 

Hju* 

Magawly  took  30  grammes  of  neutral  malate  of  lime, 
and  in  another  experiment  the  same  quantity  of  a mixture  of 
neutral  and  acid  malate  of  lime.  In  both  cases  the  mine 
was  normal  and  acid,  and  contained  no  trace  of  malic  acid. 


1 Tiedemann  and  Treviranus,  ‘ Zeitschrift  fiir  Phvsiologie,’  vol.  i,  p.  125. 

2 ‘ Ann.  d.  Chem.  und  Pliarm.,’  lxv,  p.  335. 

3 Heller’s  * Archiv,’  vol.  vi,  p.  95. 

4 Virchow’s  ‘Archiv,’  vol.  xii,  1857,  p.  400. 
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3.  TARTARIC  ACID. 


Formula:  2IIO  . CgH4O10,  or  CfiII408 q ^ 

h21u4- 


Occurrence. 

This  acid  occurs  in  young  wines  in  the  form  of  potash  salt. 
As  it  is  never  a product  of  the  organism,  it  can  only  occur  in 
the  urine  after  ingestion  into  the  stomach.  It  is  therefore  a 
merely  accidental  ingredient  of  urine,  without  any  patholo- 
gical significance.  Its  physiological  hearing  is  however  im- 
portant, and  I therefore  thought  it  useful  to  record  the 
following  experiments  on  its  reappearance  in  urine  after  in- 
gestion. 


Experiments  on  the  reappearance  of  Tartaric  acid  in  Urine 
after  ingestion  into  the  stomach. 

Wohler  caused  a dog  to  eat  two  drachms  of  powdered  tar- 
taric acid,  mixed  with  bread  and  meat.  The  dog  was  killed 
six  hours  later.  The  bladder  contained  four  ounces  of  urine, 
which  on  cooling  deposited  a large  quantity  of  small  white 
crystals,  similar  to  oxalate  of  lime  in  the  first  experiment, 
with  oxalic  acid.  By  precipitation  of  the  urine  by  means  of 
nitrate  of  lime,  another  quantity  of  the  same  precipitate  was 
obtained,  which,  together  with  the  first  one,  amounted  to 
more  than  half  a drachm.  On  exposure  to  red  heat  the  preci- 
pitate evolved  the  peculiar  odour  of  burning  tartrates,  and 
left  a residue  of  carbonate  of  lime  mixed  with  some  charcoal. 
Having  observed  oxalic  acid  pass  into  the  urine,  Wohler  be- 
lieved the  tests  just  detailed  to  be  sufficient  evidence  of  the 
presence  of  tartaric  acid,  in  the  form  of  tartrate  of  lime. 
The  urine  was  more  than  usually  acid,  and  contained  no 
albumen. 

Of  the  tartrates,  Wohler  experimentalised  with  tartrate 
and  bitartrate  of  potassa,  tartrate  of  potassa  and  boracic 
acid,  tartrate  of  potassa  and  soda,  or  Seignette  salt,  all  of 
which,  when  taken  in  doses  from  one  to  three  drachms, 
made  the  urine  alkaline.  When  cream  of  tartar  had 
been  taken,  the  urine  contained  no  tartaric  acid  while  it 
was  alkaline,  but  on  again  becoming  acid,  the  acid  could 
easily  be  detected  by  adding  to  the  urine  some  nitrate  of 
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lime,  which  would  cause  a precipitate  of  tartrate  of  lime  to 
he  recognised  as  a tartrate  by  the  peculiar  odour  on  burning. 

The  precipitate  obtained  by  Wohler  must  have  contained 
phosphate  of  lime.  The  test  for  tartaric  acid  by  the  odour 
of  the  burning  salt  is  also  not  always  sufficiently  character- 
istic, being  masked  by  the  odour  of  adhering  urinary  matters. 
For  this  reason,  Buchheim  adopted  the  following  proceeding 
for  discovering  tartaric  acid  in  urine.  A day’s  urine, 
amounting  to  1010  3 grammes,  was  mixed  with  one  gramme 
of  tartaric  acid,  previously  neutralized  by  ammonia,  and  the 
mixture  treated  with  chloride  of  calcium  and  ammonia.  The 
precipitate  formed  hereby  was  quickly  removed  by  filtration. 
It  consisted  of  phosphate  of  lime,  and  did  not  contain  any 
tartrate  of  lime.  The  filtrate  was  evaporated  to  -j^th  or  r^th 
of  its  bulk  and  put  aside  for  six  or  eight  days.  The  precipitate 
which  had  formed  after  the  lapse  of  that  time  was  separated 
by  filtration,  washed,  dissolved  in  dilute  hydrochloric  acid, 
which  left  the  greater  part  of  the  sulphate  of  lime  undis- 
solved ; the  solution  was  next  neutralized  with  ammonia  and 
acidulated  with  acetic  acid  until  the  precipitate  produced  by 
the  ammonia  had  disappeared.  After  the  lapse  of  six  or 
eight  days,  the  tartrate  of  lime,  which  is  very  little  soluble 
in  acetic  acid,  had  crystallized  in  large  and  small  crystals. 
They  were  dried  at  100°  C.  (212°  F.)  and  weighed,  and  in 
this  case  amounted  to  1*212  grammes,  corresponding  to  0*699 
grammes  of  crystallized  tartaric  acid,  instead  of  TO  gramme 
originally  added  to  the  urine. 

A.  Free  tartaric  acul. — i.  Buchheim  took  repeated  two- or 
three-gramme  doses  of  tartaric  acid,  at  intervals  of  half  an  hour 
each.  After  having  taken  about  ten  grammes,  borborygmi 
made  their  appearance,  and  when  1 9*6  grammes  had  been 
used  a fluid  motion  of  the  bowels  occurred,  followed  by  two 
others  a little  later.  The  fluid  fieces  contained  alkaline 
carbonates,  but  no  tartaric  acid.  The  urine  from  twelve 
hours  amounted  to  1047*6  grammes,  and  yielded  0*604 
grammes  of  tartrate  of  lime,  corresponding  to  0*349  grammes 
of  crystallized  tartaric  acid,  or  1*78  per  cent,  of  the  amount 
taken. 


ii.  Piotrowsky  took  20*0  grammes  of  tartaric  acid  in  the 
course  of  twelve  hours.  There  were  borborygmi,  but  no 
motions.  The  urine  from  twenty-four  hours  amounted  to 
996*2  grammes,  and  yielded  0*653  grammes  of  tartrate  of  lime, 
corresponding  to  0*377  grammes  of  crystallized  tartaric  acid, 
or  1*88  per  cent. 
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in.  The  same  gentleman  took  30*0  grammes  of  tartaric  acid 
in  the  course  of  fifteen  hours.  The  urine  had  quite  the  or- 
dinary appearance,  and  amounted  to  1241 *7  grammes.  After 
removal  of  the  phosphates,  some  crystals  of  tartrate  of  lime 
appeared  on  evaporation.  The  total  of  tartrate  of  lime  ob- 
tained amounted  to  T138  grammes,  or  3*79  per  cent. 

iv.  300  grammes,  taken  in  larger  doses  and  at  shorter  in- 
tervals, caused  relaxation  of  bowels.  The  faeces  were  as  in 
Experiment  i.  The  urine,  1140*3  grammes,  was  of  ordinary 
condition,  and  yielded  1*702  grammes  of  tartrate  of  lime, 
corresponding  to  0*982  grammes  of  tartaric  acid,  or  3 ’27 
per  cent. 

v.  Another  individual  took  10*0  grammes  of  tartaric  acid. 
The  urine  amounted  to  2123*6  grammes,  and  was  as  usual. 
The  quantity  of  tartrate  of  lime  found  was  0*254  grammes, 
corresponding  to  0*147  grammes  of  tartaric  acid,  or  1*47 
per  cent. 

vi.  A woman,  forty-five  years  of  age,  suffering  from  erysi- 
pelas of  the  right  forearm,  took  10*0  grammes  of  tartaric 
acid  in  several  doses.  The  normal  urine  weighed  851*2 
grammes,  and  yielded  0*496  grammes  of  tartrate  of  lime,  cor- 
responding to  0*286  grammes  of  tartaric  acid,  or  2*86  per  cent. 

vii.  Piotrowsky  took  5*0  grammes,  divided  in  three  doses. 
The  urine,  963*4  grammes,  had  a strongly  acid  reaction.  It 
yielded  0*164  grammes  of  tartrate  of  lime,  or  0*095  grammes 
of  crytallized  tartaric  acid,  or  1*89  per  cent. 

viii.  Of  2*0  grammes  of  the  acid  taken  in  small  doses  in 
the  course  of  ten  hours  no  trace  reappeared  in  the  urine. 

Bitartrate  of  potash. — ix.  45*0  grammes  of  bitartrate  were 
taken  in  three  portions,  at  intervals  of  four  hours.  The 
urine  became  alkaline  only  after  the  last  dose,  and  so  strongly 
alkaline  as  to  cause  violent  burning  in  the  urethra  on  being 
passed.  The  total  quantity  of  urine  amounted  to  1251*7 
grammes,  and  was  strongly  alkaline,  so  as  to  effervesce  on 
the  addition  of  acids.  There  were  obtained  0*623  grammes 
of  tartrate  of  lime,  equal  to  0*359  grammes  of  tartaric  acid, 
or  1*0  per  cent. 

x.  60*0  grammes  of  the  bitartrate  were  taken  in  doses  of 
15  grammes,  in  the  course  of  nine  hours.  The  urine  became 
alkaline  in  three  hours  and  a half,  and  amounted  to  2039*0 
grammes.  It  yielded  1*535  grammes  of  tartrate  of  lime,  cor- 
responding to  0*886  grammes  of  tartaric  acid,  or  1*85  per 
cent. 
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Neutral  tartrate  of  potash. — xi.  PiotroAvsky  took  30-0 
grammes  of  neutral  tartrate  in  three  doses.  Soon  afterwards 
diarrhoea  ensued,  hut  the  faeces  contained  only  carbonic,  no 
tartaric  acid.  The  urine  became  soon  alkaline,  and  effer- 
vesced Avith  acids ; it  amounted  to  12  79 '3  grammes,  and 
yielded  0561  grammes  of  tartrate  of  lime,  corresponding  to 
0*324  grammes  of  tartaric  acid,  or  TG3  per  cent. 

xii.  A few  days  afterwards  the  same  experiment  was  re- 
peated. From  1340*0  grammes  of  strongly  alkaline  urine, 
0*549  grammes  of  tartrate  of  lime  were  obtained,  equal 
0-317  grammes  of  tartaric  acid,  or  1*59  per  cent. 

xiii.  After  ingestion  of  45*0  grammes  of  the  neutral  salt, 
2585-0  grammes  of  urine  yielded  0-843  grammes  of  tartrate 
of  lime,  or  0'486  grammes  of  tartaric  acid,  or  1*63  per  cent. 

Tartrate  of  soda  and  potash. — xiv.  45'0  grammes  of  this 
salt  made  the  urine  soon  alkaline.  It  amounted  to  1301*5 
grammes,  and  yielded  1-374  grammes  of  tartrate  of  lime, 
equal  to  0"793  grammes  of  tartaric  acid,  or  3‘32  per  cent. 

xv.  On  repetition,  the  urine  came  to  1088-3  grammes,  and 
there  Avere  obtained  1‘937  grammes  of  tartrate  of  lime,  equal 
to  1*118  grammes  of  tartaric  acid,  or  4* 68  per  cent. 

xvi.  60"0  grammes  were  taken  in  four  doses,  at  intervals 
of  three  hours.  The  urine,  1473-0  grammes,  alkaline, 
yielded  2-840  grammes  of  tartrate  of  potash,  corresponding 
to  1*638  grammes  of  tartaric  acid,  or  5T4  per  cent.  In 
neither  of  these  three  cases  the  bowels  became  relaxed. 

Tartrate  of  iron  and  potash. — xvn.  Of  this  preparation, 
containing  200  per  cent,  of  iron,  10'0  grammes  were  taken 
in  one  dose.  The  urine,  984-0  grammes,  Avas  strongly  acid, 
and  did  not  contain  any  tartaric  acid.  The  faeces  A\rere  soft, 
and  blackish-green.  The  ashes  of  the  urine  contained  no 
increased  quantity  of  iron. 

Tartrate  of  suboacyde  of  nickel  and  potash. — xvm.  Wohler 
found  nickel  in  the  urine  of  a dog,  to  which  he  had  given 
half  a drachm  of  the  salt.  The  urine  Avas  made  brown  by 
sulphuretted  ammonium,  and  gradually  deposited  dark  broAvn 
flakes.  A green  solution  of  this  salt  Avas  obtained  by  adding 
carbonate  of  suboxyde  of  nickel  to  a boiling  solution  of  bitar- 
trate of  potash.  Of  this  solution,  which  contained  064  per 
cent,  of  metallic  nickel,  164*4  grammes  (=1-052  grammes 
of  nickel)  Avere  taken  in  six  doses  bv  PiotroAvsky.  The  urine 
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was  12600  grammes.  The  ashes  of  the  urine  yielded  a 
small  amount  of  nickel.  No  tartaric  acid  could  be  found  in 
the  urine.  The  urine  of  the  next  days  contained  no  trace  of 
nickel.  The  faeces,  which  were  of  the  usual  consistence,  con- 
tained no  nickel  on  the  first  day,  but  considerable  quantities 
on  the  second  and  third.  They  were  dark  brown,  from  the 
sulphuret  of  nickel,  which  is  dark  brown,  when  finely 
divided,  and  not  blackisli-green,  like  sulphuret  of  iron. 

The  experiments  show  that  of  large  quantities  of  tartaric 
acid  and  its  salts,  ingested  into  the  stomach,  a small  per 
centage  may  reappear  in  the  urine.  The  great  bulk  is  trans- 
formed into  carbonates. 

The  following  table  exhibits  the  results  of  the  above  expe- 
riments : 


Form  iu  which  the  Acid 
was  taken. 

Grammes  of  Acid 
taken. 

C8H4O10  + 2HO. 

Per  centage  of 
Acid  found  in 
Urine. 

I. 

19-6 

1-78 

II. 

20-0 

1-83 

III. 

30-0 

3-79 

C8H4Oro  -p  2HO  . . . 

IV. 

V. 

30-0 

10-0 

3-27 

1-47 

YI. 

10-0 

2-86 

VII. 

5-0 

1-89 

VIII. 

2-0 

|°}csh4o10  . . 

r 

IX. 

35"0 

1-00 

L 

X. 

47-82 

1-85 

XI. 

19-88 

1-63 

2KO,C8H4O10  . . . . * 

XII. 

19-88 

1-59 

• 

XIII. 

29-81 

1-63 

}C8H4O10  + 8HO,. 

r 

X1Y. 

23-90 

3-32 

XV. 

23-90 

4-68 

l 

XYI. 

31-87 

5-14 

Of  the  salt  with  potash  and  soda,  a larger  per  centage  ap- 
pears in  the  urine. 

Of  tartaric  acid,  a much  smaller  per  centage  reappears  in 
the  urine  than  of  oxalic  acid. 

IV  older  believed  that  free  tartaric  acid  passed  unchanged 
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into  the  urine,  but  did  not  do  so  when  taken  in  combination 
with  bases.  This  error  has  given  rise  to  the  theory,  that  the 
presence  of  alkalies  in  the  blood  was  necessary  for  oxydation, 
and  that  by  increasing  the  amount  of  alkali  in  the  blood 
we  could  favour  this  process.  Mialhe’s  treatment  of 
diabetes,  already  found  practically  useless,1  and  experimen- 
tally made  improbable  by  Lehmann2  and  Poggiale,3  thus 
loses  its  last  foundation.  Dr.  Parkcs  was  of  opinion,  that 
by  the  medicinal  use  of  alkalies  the  quantity  of  sulphuric 
acid  in  the  urine,  which  was  to  be  considered  as  the  product 
of  oxydation  of  albuminous  substances,  became  augmented. 
But  the  experiments  of  W.  Clare4  do  not  support  that 
opinion,  so  that  the  alleged  use  of  the  alkalies  has  become 
more  than  questionable. 


4.  CITRIC  ACID. 

Formula : 3IIO,  Cr,H5Onj  or  C19H508q  n 

' Kr6’ 

The  experiments  of  Morichini,  quoted  by  Wohler,  on  the 
passage  of  citric  acid  into  the  urine,  are  related  with  so  many 
improbabilities,  that  we  must  leave  them  out  of  consideration. 
The  only  experiments  worth  noticing,  previous  to  those  of 
Buchheim,  are  by  Gilbert  Blane,  who  found  that  citrate  of 
potash  appeared  in  the  urine  as  carbonate. 

In  eight  different  experiments  by  Buchheim,  in  which  re- 
peated and  large  quantities  of  free  citric  acid  were  taken, 
the  urine  was  quite  normal,  and  contained  no  trace  of  citric 
acid.  The  citrates  with  three  equivalents,  one-and-a-lialf 
equivalents,  and  one  equivalent  of  soda,  respectively,  taken 
in  three  different  experiments,  made  the  urine  alkaline ; but 
no  trace  of  citric  acid  was  found  in  the  urine.  The  citrates 
udtli  three  equivalents  and  one  equivalent  of  magnesia,  respec- 
tively, caused  diarrhoea,  the  faeces  containing  carbonate  of 
magnesia.  The  urine  was  acid,  and  free  of  citric  acid. 

' Garrod,  Gulston  Lect.  on  Diabetes,  ‘ Assoc.  Med.  Journ.,’  1857. 

2 * Lehrbuch  d.  Physiol.  Chemie,’  2d  edit.,  Leipzig,  1 853,  vol.  iii,  p.  205. 

3 ‘ Comptes  rend.,’  t.  xlii,  p.  198. 

4 Loc.  cit. 
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5.  TANNIC  ACID. 

Elements  : C54H22034  = 3H0,C54H19031. 

Wohler  and  Frerichs  gave  to  a dog  pure  tannic  acid,  in 
doses  gradually  increasing  from  05  to  (vO  grammes.  The 
animal  remained  well,  but  the  faeces  gradually  ceased  to  be 
discharged,  though  the  appetite  remained  the  same.  The 
urine,  in  the  beginning  of  the  experiment,  showed  the  normal 
yellow  colour,  which,  however,  gradually  changed  into  a 
dark,  lastly  intensely  brown  colour,  until  at  last  it  became 
brownish-black,  and  impervious  to  transmitted  light. 

The  brown  urine  yielded  a blackish-blue  precipitate  with 
salts  of  oxyde  of  iron,  but  no  precipitate  Avas  produced 
in  it  by  a solution  of  gelatine.  Tannic  acid,  consequently, 
in  its  transit  through  the  body,  had  become  transmuted  into 
gallic  acid. 

Salts  of  the  suboxyde  of  iron  produced  a bluish-black 
precipitate  in  the  urine,  indicating  the  presence  of  pyro- 
gallic  acid.  As  this  acid,  in  presence  of  ammonia,  is  easily 
transformed  into  humine-like  bodies,  it  is  reasonable  to 
explain  the  black  colour  of  the  urine  by  the  further 
decomposition  of  the  pyrogallic  acid,  for  which  the  am- 
moniacal  condition  of  the  urine  afforded  the  opportunity. 
The  dark  colour  and  peculiar  reactions  of  the  urine  con- 
tinued for  two  days  after  tannic  acid  had  ceased  to  be  admi- 
nistered. 

By  the  action  of  acids,  alkalies,  or  ferments,  tannic  acid, 
taking  up  water,  is  transformed  into  gallic  acid  and  sugar,  ac- 
cording to  the  following  formula  : 

+ 8HO  = 3(C,4H6O10)  + CiaH12012. 

Tannic  acid.  Gallic  acid.  Sugar. 

It  is  probable  that  the  metamorphosis  of  tannic  acid  in  the 
human  body  takes  place  in  a similar  manner. 

6.  TOLUYLIC  ACID. 

Elements  : IIO,  C16H-03,  or  C16H70.0  n 

HJ 

Kraut1  took  toluylic  acid  in  doses  of  several  grammes.  He 
1 ‘Ann.  d.  Chem.  und  Pharm.,’  xcviii,  p.  3G0. 
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felt  no  effect  from  it ; the  urine  which  was  voided  afterwards 
had  a strongly  acid  reaction.  It  was  evaporated  to  the  con- 
sistence of  a syrup,  and  extracted  with  alcohol.  The  extract 
was  treated  with  oxalic  acid,  and  again  evaporated,  and  the 
residue  extracted  with  ether  containing  some  alcohol.  This 
left,  on  evaporation,  a yellowish,  crystalline  mass,  mixed  with 
oxalic  acid.  It  was  hoiled  with  carbonate  of  lime,  when 
from  the  filtrate  a lime-salt  crystallized.  This,  after  repeated 
crystallization,  and  decomposition  with  dilute  warm  hydro- 
chloric acid,  yielded,  on  the  fluid  cooling,  a crystallized  acid 
(i toluric  acid)  which,  after  recrystallization  from  boiling  water, 
was  obtained  pure  in  crystalline  colourless  plates.  The  solu- 
tion in  alcohol  on  spontaneous  evaporation  deposited  large 
rhombic  crystals.  This  acid  has  the  composition  C20HnNO8. 
It  forms  salts  with  baryta,  and  oxyde  of  silver,  and  the  alka- 
lies, which  are  more  soluble  in  hot  than  cold  water.  In  cold 
fuming  hydrochloric  acid,  toluric  acid  is  soluble.  If  the 
solution,  after  short  ebullition,  is  allowed  to  cool,  toluric  acid 
crystallizes  from  it  unchanged.  But  when  this  solution  is 
boiled  during  several  hours,  the  hydrochloric  acid  being  re- 
placed as  it  evaporates,  and  is  lastly  evaporated  to  dryness,  a 
residue  remains,  which  may  he  separated  in  two  by  treatment 
with  water.  This  fluid  leaves  an  amorphous  substance  un- 
dissolved, which  may  be  recognised  as  toluylic  acid,  and 
transformed  into  the  silversalt ; the  solution,  after  saturation 
with  ammonia,  evaporation,  and  addition  of  alcohol,  leaves  a 
precipitate,  which  is  glycocoll.  It  may  be  identified  by  its 
property  of  dissolving  oxyde  of  copper  in  watery  solution,  in 
which  alcohol  produces  a precipitate  of  oxyde  of  copper  gly- 
cocoll. 

Toluylic  acid,  therefore,  like  benzoic  acid,  combines  with 
glycocoll  in  the  animal  economy,  water  being  eliminated. 

Ci4H604  + C4H5N04  — 2 HO  = C18H9N06. 

Benzoic  acid.  Glycocoll.  Hippuric  acid. 

W + C^NO^-SHO  - CapH^NOe. 

Toluylic  acid.  Glycocoll.  Toluric  acid. 


The  third  acid  of  the  benzoic  series,  cuminic  acid,  does  not 
exhibit  this  copulative  property. 
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7.  SALICYLIC  ACID. 

Elements  : C14Hc06,  or  C14H40 , 1 n 

h2/u*- 

Bertagnini  took  about  6 grammes  of  this  acid  in  hourly 
doses  of  0‘25  grammes.  On  the  first  day  there  was  no  inconve- 
nience attending  the  experiment;  on  the  second  day,  how- 
ever, he  suffered  from  continued  noises  in  his  ears,  and  a 
sensation  of  being  narcotized.  The  same  symptoms  occurred 
in  a second  experiment,  in  which  about  75  grammes  were 
taken  in  successive  doses.  Already,  an  hour  after  the  injec- 
tion of  the  first  dose,  the  urine  gave  a violet  reaction  on  the 
addition  of  salts  of  iron,  a peculiarity  which  continued  during 
the  entire  duration  of  the  experiment,  and  was  yet  present, 
though  faintly,  for  forty-eight  hours  after  the  last  ingestion 
of  salicylic  acid.  The  acid  urine  was  evaporated  down  to  a 
small  bulk,  and  put  aside  for  crystallization  of  the  salts.  The 
decanted  liquid  was  strongly  acidified  until  hydrochloric  acid, 
and  repeatedly  digested  with  ether.  The  ethereal  solutions, 
on  evaporation,  left  a strongly  acid  fluid,  which,  on  further 
evaporation,  deposited  crystals.  These  were  purified  by 
pressing  between  paper,  recrystallization,  and  treatment  with 
animal  charcoal.  The  substance  so  obtained  was  a mixture  of 
small  needles,  and  large,  glistening,  needle-shaped  crystals, 
which  latter  appeared  to  be  volatile  on  being  heated.  The 
separation  of  the  two  substances  was  effected  by  heating  the 
mixture  to  from  140°  to  150°  C.  (281°  to  302°  F.)  in  a current 
of  air.  The  volatile  body  proved  to  be  salicylic  acid : the 
body  which  remained  after  recrystallization  contained  nitro- 
gen, had  the  composition  C18H9NOg,  and  the  properties  of  an 
acid.  It  dissolved  in  warm  hydrochloric  acid,  and  on  cooling 
crystallized  from  the  solution.  By  protracted  boiling  of  this 
solution  in  hydrochloric  acid,  it  was  decomposed,  and  from 
the  mixture,  after  neutralization  of  the  hydrochloric  acid  by 
means  of  carbonate  of  lime  in  pieces,  ether  extracted  salicylic 
acid.  In  solution  there  remained  glycocoll. 

cuH6o6  + c4iino4 — 2110  = c18H,yo8. 

Salicylic  acid.  Glycocoll.  Salicyluric  acid. 

From  the  analogy  to  hippuric  acid,  Bertagnini  was  induced 
to  give  the  name  of  salicyluric  acid  to  this  new  copulated 
acid. 
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From  its  solution  in  hot  water,  salicyluric  acid  crystallizes 
in  concentric  groups  of  thin  glistening  needles.  It  has  a 
hitter  taste  and  a strongly  acid  reaction.  It  is  easily  soluble 
in  boiling,  little  soluble  in  cold  water,  easily  soluble  in 
alcohol,  less  in  ether.  These  solutions  impart  a violet  colour 
to  salts  of  oxyde  of  iron,  which  colour  disappears  under  the 
influence  of  concentrated  acids.  It  fuses  at  160°  C.  (320°  F.) 
without  loss  of  weight,  and,  on  cooling,  solidifies  into  an  in- 
distinctly crystalline  mass.  Towards  170°  C.  (338°  F.)  it 
begins  to  get  brown,  and  is  decomposed,  salicylic  acid  being 
volatilized.  If  heated  rapidly,  it  swells  up,  evolves  ammonia, 
and  leaves  charcoal,  which  is  combustible  without  leaving  any 
residue. 

When  to  a boiling  solution  of  the  acid  in  water  carbonate 
of  lime  or  baryta  is  added,  an  evolution  of  carbonic  acid 
takes  place,  and  the  solution  contains  a salt  of  the  acid  with 
the  respective  oxyde.  These  salts  are  little  soluble  in  cold 
water.  There  is  also  an  insoluble  lime-salt  obtained  by  the 
addition  of  small  portions  of  milk  of  lime  to  a hot  solution 
of  the  acid,  until  the  mixture  solidifies  into  a mass  of  glisten- 
ing scales.  From  this,  Bertagnini  believes  salicyluric  acid  to 
be  a bibasic  acid. 

Salicylous  acid  reappears  in  the  urine  unchanged.  (Wohler 
and  Frerichs.) 


8.  CAMPHORIC  ACID. 

Elements:  C20H1GO8,  or  2HO,  C^H^Og, or  C20H14O4'i 

H2J°4- 

Bertagnini1  took  12  grammes  of  this  acid  in  doses  of  about 
0 5 grammes,  distributed  over  two  days,  without  experiencing 
any  inconvenience.  The  urine  which  was  passed  diming  that 
time  was  strongly  acid,  and  contained  unchanged  camphoric 
acid.  It  was  condensed  to  one  third  of  its  original  volume; 
and,  after  addition  of  some  hydrochloric  acid,  a crystalline 
deposit  ensued.  When  the  mother-liquor  was  shaken  with 
ether,  the  latter,  after  evaporation,  deposited  another  quantity 
of  brown  crystals.  These  were  treated  with  milk  of  lime, 
whereby  a soluble  lime-salt  was  obtained,  which  was  decom- 
posed by  hydrochloric  acid,  whereupon  a white  crystallized 
substance  was  obtained,  having  all  the  properties  and  the 
composition  of  camphoric  acid. 


1 ‘ II  nuovo  Cimento,’  i,  3G3.  * Ann.  d.  Chera.  und  Pharm.,'  xcvii,  p.  248. 
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9.  ANISIC  ACID. 


Elements : C16H806. 

Bertagnini  took  about  6 grammes  of  anisic  acid  in  the 
course  of  two  days.  It  caused  a sensation  of  heaviness  in  the 
stomach.  The  urine  had  a strongly  acid  reaction ; and,  after 
evaporation,  addition  of  hydrochloric  acid,  and  shaking  with 
other,  anisic  acid  was  obtained  from  the  latter  by  evaporation, 
and  identified  by  elementary  analysis. 


10.  CUMIN1C  ACID. 

Elements:  HO,  C20HnOs,  or  C^HnO., i n 

H J U2‘ 

When  Kletzinsky1  took  a salt  of  cuminic  acid,  he  could  find 
it  again  in  the  urine.  Hofmann  and  Kraut  both  found  cumi- 
nic acid  to  reappear  unchanged  in  the  urine. 


J Heller’s  ‘ Archiv,’  vol.  vi,  p.  95. 


CHAPTER  XLY. 
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The  substances  here  to  be  considered  may  be  innocuous 
matters,  or  medicines,  or  poisons.  In  respect  of  these  two 
latter  classes,  the  analysis  of  the  urine  becomes  of  peculiar 
importance  as  a key  to  the  knowledge  of  the  mode  of  action 
of  medicines  in  the  system,  or  as  a guide  to  the  discovery  of 
the  nature  of  a poison,  imder  the  influence  of  which  an  indi- 
vidual is  labouring,  or  has  died.  Thus  the  analysis  of  the 
urine  may  lead  to  the  prevention  of  some  of  the  most  hideous 
crimes,  with  which  the  annals  of  toxicology  have  been  filled 
of  late.  The  merest  trace  of  strychnia  administered  in  any 
form  makes  its  reappearance  in  the  urine.  Arsenic  and  an- 
timony, when  administered  as  slow  poisons,  as  has  been  ascer- 
tained to  have  been  the  case  in  several  notorious  instances, 
may  in  every  case  be  detected  in  the  urine.  Thus  to  the 
watchful  medical  practitioner  an  almost  infallible  source  of 
information  is  afforded  in  cases  where  the  ordinary  sources 
of  symptomatology  leave  him  in  the  dark,  or  at  the  best  in 
doubt. 


1.  QUININE  AND  QUINIDINE. 

Elements  of  Quinine  : 

Elements  of  Quinidine : 

Dr.  llerapath1  has  discovered  a process  by  which  it  is  pos- 
sible to  obtain  demonstrative  evidence  of  the  presence  of 
quinine  in  urine,  in  quantities  so  exceedingly  minute,  that 
they  would  be  perfectly  inappreciable  by  any  other  process. 


1 ‘ Quarterly  Journ.  of  Micros.  Sc.,’  No.  v,  October,  1853,  p.  13. 
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The  same  method  (by  a slight  modification)  has  also  enabled 
Dr.  Herapath  to  prove  the  fact,  that  quinidine,  like  quinine, 
escapes  from  the  system  by  the  kidneys  in  an  unaltered 
state. 

The  subject  furnishing  the  urine  for  examination,  was  a 
man  suffering  from  tetanus,  in  consequence  of  an  injury  to 
the  great  toe.  Amputation  was  performed  at  the  Bristol 
Infirmary,  by  Mr.  Morgan.  The  tetanic  symptoms  were  at 
first  treated  by  the  exhibition  of  five  grains  of  the  disulphates 
of  quinine  and  quinidine,  with  half  a grain  of  cannabis  indica, 
every  three  hours.  He  consequently  took  forty  grains  of  the 
mixed  disulphates  in  the  period  of  twenty-four  hours. 

The  urine  had  a greenish-yellow  appearance,  and,  upon 
standing,  deposited  a brownish-yellow  sediment ; it  possessed 
a slightly  acid  reaction,  and  had  a specific  gravity  of  1'032. 
The  sediment  examined  by  the  microscope,  showed  prisms 
and  lozenges  of  uric  acid,  together  with  amorphous  urate  of 
ammonia.  The  fluid  urine  was  cautiously  decanted  from  the 
amorphous  and  crystalline  deposits. 

a.  Half  a pint  of  this  urine  was  treated  with  liquor  po 
tassie  until  decidedly  alkaline;  it  was  then  repeatedly  agi- 
tated with  pure  washed  ether ; the  ethereal  solution  having 
had  time  to  separate  by  repose,  was  carefully  removed  by  a 
pipette ; and  having  been  transferred  to  a counterpoised  test- 
tube,  it  was  evaporated  to  dryness  in  a warm  water  bath ; 
the  residue  weighed  079  grain  after  being  kept  at  212°  F., 
until  no  further  loss  of  weight  occurred.  (Method  of  Stas.) 

b.  A magma  of  phosphates  and  adherent  alkaloid  still  re- 
mained above  the  urinous  substratum ; this  was  also  removed 
by  a pipette,  and  transferred  to  a porcelain  capsule,  evapo- 
rated to  dryness  at  212°  F.,  and  this  residue  exhausted  by 
ether,  the  ethereal  solution  evaporated  to  dryness  by  a warm 
Avater  bath  as  before,  and  the  residue  dried  at  212°,  gave  OBI 
grain  additional  alkaloid.  Therefore,  O’ 79  + 0'69  = F4 
grains  of  alkaloids  were  obtained  by  these  tAvo  operations 
from  the  eight  fluid  ounces  of  urine. 

Noav,  to  determine  if  it  contained  quinine,  the  following 
process  Avas  adopted : 

Test  fluid.  To  a mixture  of  three  drachms  of  pure  acetic 
acid  with  one  drachm  of  alcohol,  six  drops  of  diluted  suB 
phuric  acid  (one  acid  to  nine  water)  Avere  added. 

One  drop  of  this  test-fluid  is  to  be  placed  on  a glass  slide, 
and  the  merest  atom  of  the  alkaloid  added ; time  given  for 
solution  to  take  place ; then,  upon  the  tip  of  a very  fine  glass 
rod,  a very  minute  drop  of  tincture  of  iodine  added  : if  qui- 
nine be  present,  the  first  effect  is  the  production  of  the  yellow 
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or  cinnamon-brown  coloured  compound  of  iodine  and  qui- 
nine, which  shows  itself  as  a small  circular  spot,  whilst  the 
alcohol  separates  in  little  drops,  which,  by  a sort  of  repulsive 
movement,  drive  the  fluid  away;  after  a time  the  acid  liquid 
again  flows  over  the  spot,  and  the  polarizing  crystals  of  sul- 
phate of  iodo- quinine  are  slowly  produced  in  beautiful 
rosettes;  this  experiment  succeeds  best  without  the  aid  of 
heat. 

To  render  these  crystals  evident,  it  merely  remains  to 
bring  the  glass  slide  upon  the  field  of  the  microscope  (having 
half-inch  objective  and  lowest  power  eye-piece),  with  the  sele- 
nite stage  and  single  tourmaline  beneath  it:  instantly  the  crys- 
tals assume  the  two  complementary  colours  of  the  stage ; red 
and  green,  supposing  the  pink  stage  is  employed,  or  blue  and 
yellow,  provided  that  the  blue  selenite  is  made  use  of — all 
those  crystals  at  right  angles  to  the  plane  of  the  tourmaline 
producing  that  tint,  which  an  analysing  plate  of  tourmaline 
would  produce  when  at  right  angles  to  the  polarizing  plate ; 
whilst  those  at  90°  to  these  educe  the  complementary  tint,  in 
the  same  manner  as  the  analysing  plate  would  have  done  if 
it  had  been  revolved  through  an  arc  of  90°.  (Vide  Plate  YI, 
fig.  3.) 

Not  only  do  these  peculiar  crystals  act  in  the  way  just  re- 
lated, but  they  may  be  easily  proved  to  possess  the  whole  of 
the  optical  properties  of  that  remarkable  salt  of  quinine,  so 
fully  described  by  Dr.  Herapath,  in  the  * Phil.  Mag.’  for 
March,  1852 ; the  chemical  analysis  of  which  was  pub- 
lished in  the  number  for  September  of  the  same  year.  In 
fact,  these  crystals  are  perfectly  identical  with  the  sulphate 
of  iodo-quinine,  and  have  the  composition 

C40H24N,O4  . I,  . 2 (HO  . S03)  + 10HO. 

To  test  for  quinidine  it  is  merely  necessary  to  allow  the 
drop  of  acid  solution  to  evaporate  spontaneously  to  dryness 
upon  the  glass  slide  (before  and  without  the  addition  of 
iodine),  and  to  examine  the  crystalline  mass  by  two  tour- 
malines crossed  at  right  angles,  and  without  the  selenite 
stage ; immediately  little  circular  disks  of  white,  with  a well- 
defined  black  cross  very  vividly  shown,  start  into  existence, 
should  quinidine  he  present  even  in  minute  quantities. 
(Plate  vi,  fig.  4.)  This  figure  was  drawn  from  a slide  pre- 
pared by  Dr.  Herapath,  from  the  urine  of  the  same  patient ; 
about  one  twentieth  part  of  a grain  of  the  ethereal  extract 
was  used  by  him  in  the  manner  described. 

Quinidine  is  generally  found  in  the  urine  if  “ hospital  qui- 
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nine/5  or  that  of  the  British  Alkaloid  Company,  has  been 
employed;  these  drugs  severally  contain  a very  large  per 
centage  of  quinidine;  the  former  at  least  50,  the  latter 
about  20  per  cent.  But  Howard’s  disulphate  of  quinine 
scarcely  contains  5 per  cent,  of  quinidine.  These  substances 
arc  easily  separated,  in  consequence  of  the  much  greater 
solubility  of  the  disulphate  of  quinidine  in  cold  water,  thus — 

One  part  of  disulphate  of  quinine  requires  740  parts  water, 
at  60°. 

One  part  of  disulphate  of  quinidine  requires  310  parts 
water,  at  55°. 

So  that  the  latter  salt  is  more  than  twice  as  soluble  as  the 
former. 

If  we  employ  the  selenite  stage  in  examining  this  object, 
depicted  at  fig.  4 of  Plate  vi,  the  black  cross  at  once  disap- 
pears, and  is  replaced  by  one  which  consists  of  two  colours, 
being  divided  into  a cross  with  a red  and  a green  fringe, 
whilst  the  four  intermediate  sectors  are  of  a rich  orange 
yellow ; these  appearances  alter  upon  the  revolution  of  the 
analysing  plate  of  tourmaline.  When  the  blue  stage  is  em- 
ployed, the  cross  will  assume  a blue  or  a yellow  hue,  accord- 
ing to  the  position  of  the  analysing  plate. 

These  phenomena  are  analogous  to  those  exhibited  by  cer- 
tain crystals  of  boracic  acid,  and  also  by  the  circular  disks  of 
salicine  (prepared  by  fusion  by  Mr.  John  Thwaites),  the 
difference  being  that  the  salts  of  quinidine  have  more  intense 
depolarizing  powers  than  either  of  the  other  substances ; and 
the  mode  of  formation  effectually  excludes  these  from  consi- 
deration. Quinine  prepared  in  the  same  manner  as  the  qui- 
nidine has  a very  different  mode  of  crystallization;  hut  it 
occasionally  presents  circular  corneous  plates,  also  exhibit- 
ing the  black  cross  and  white  sectors,  hut  not  with  one 
tenth  part  of  the  brilliancy,  which  of  course  readily  enables 
us  to  discriminate  the  two. 

Dr.  Herapath  having  shown  in  his  previous  papers  that 
none  of  the  vegetable  alkaloids,  when  treated  with  sulphuric 
acid  and  iodine,  possess  the  power  of  forming  crystalline  com- 
pounds of  similar  properties,  and  these  artificial  quinine 
tourmalines  being  pre-eminent  in  their  action  on  light,  it 
follows  that  the  existence  of  these  crystals  is  a demonstration 
of  the  presence  of  quinine. 

The  above  patient  was  taking  40  grains  of  the  disulphates 
of  quinine  and  quinidine;  there  were  found  1’4  grains  of 
alkaloids,  which  would  he  equivalent  to  1'884  of  the  disul- 
pliatc;  and  if  the  patient  voided  three  pints  of  urine  in 
twenty-four  hours,  we  should  only  account  for  11 '304  grains 
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of  the  remedy  employed,  leaving  a deficiency  of  30  grains 
nearly,  either  to  he  assimilated  by  the  body,  or  to  be  de- 
stroyed in  its  transit  through  the  vascular  system,  or  lost 
from  other  causes. 

It  would  be  interesting  to  undertake  a series  of  experi- 
ments to  determine  whether  other  excretions  of  the  patient 
contain  this  remedy,  and  also  to  discover  what  length  of  time 
elapses  after  ingestion,  before  all  evidence  of  its  elimination 
by  the  kidneys  ceases : this  being  done,  we  may  be  in  a posi- 
tion to  say  what  the  medical  equivalent  of  quinine  may  be  in 
a given  disease. 


2.  STRYCHNINE. 

Elements : C42H22N204. 

Strychnine,  when  introduced  into  the  animal  economy  in 
any  noteable  quantity,  per  example,  in  the  ordinary  medical 
doses  at  from  one  tenth  to  one  twentieth  of  a grain,  re- 
peated at  intervals,  reappears  in  the  urine.  The  analysis  of 
the  urine  may  therefore  be  useful  for  discovering  attempted, 
or  effected  poisoning  by  strychnine. 

The  diagnostic  properties  of  strychnine  are,  its  bitter  taste, 
even  in  extremely  dilute  solutions,  and  the  violet  and  blue, 
or  purple  reaction,  under  the  influence  of  bichromate  of 
potash  and  sulphuric  acid.  It  is  little  soluble  in  water, 
alcohol,  or  ether,  more  soluble  in  boiling  alcohol,  and  crystal- 
lizes from  this  solution  on  cooling.  Its  acid  salts,  however, 
are  easily  soluble  in  water  and  alcohol,  and  may  by  means  of 
that  property  be  extracted  from  organic  substances.  The 
residue  of  this  extraction  by  water  and  alcohol,  containing 
the  acid  salts,  having  been  made  alkaline  by  caustic  potassa, 
yields  all  its  strychnine  to  ether,  which,  after  evaporation, 
leaves  it  more  or  less  pure.  (Method  of  Stas.) 


Mode  of  obtaining  Strychnine  from  Urine. 

In  order  to  obtain  strychnine  from  urine,  it  is  only 
necessary  to  evaporate  this  fluid  to  the  consistence  of  a thin 
syrup,  to  make  it  strongly  alkaline  by  caustic  potassa,  and  to 
shake  it  with  large  and  repeated  quantities  of  ether.  The 
ethereal  solution,  which  is  only  obtained  after  some  standing, 
and  sometimes  only  after  the  addition  of  some  alcohol,  is 
evaporated,  and  the  residue  treated  with  concentrated  sul- 
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phuric  acid  on  the  water-bath.  After  several  hours’  digestion 
the  acid  is  neutralised  by  carbonate  of  soda,  the  fluid  is  then 
made  alkaline,  and  again  extracted  with  ether,  which  after 
evaporation  will  leave  strychnine,  to  he  tested  by  the  taste, 
and  by  the  reaction  with  bichromate  of  potassa  and  sulphuric 
acid.  This  latter  reaction  is  best  effected  in  the  following 
manner.  The  solution  in  water  of  the  supposed  alkaloid  is 
placed  in  a small  china  dish,  and  after  evaporation  to 
dryness,  at  a low  temperature,  is  dissolved  in  a drop  or 
several  drops  of  sulphuric  acid.  This  solution  is  now  spread 
over  the  space  of  about  a four-penny  piece.  A small  granule 
of  bichromate  of  potash  is  now  dropped  into  the  solution. 
On  moving  the  fluid,  by  giving  the  china  dish  different  in- 
clinations, violet  streaks  are  perceived  to  flow  from  the 
granule  of  bichromate,  and  on  moving  the  crystal  to  and  fro 
in  the  fluid,  by  means  of  a glass  rod,  the  entire  solution 
soon  assumes  a fine  purple  colour.  (Otto.) 

One  grain  of  a solution  of  strychnine,  containing  one 
forty-thousandth  part  of  a grain  of  solid  strychnine,  yielded 
this  test  quite  clearly.  Five  drops  of  the  same  solution 
brought  upon  the  tongue,  had  a decidedly  bitter  taste ; on 
some  occasions  two  or  three  drops  would  permit  the  bitter- 
ness to  be  recognised. 


3.  SANTONINE. 

Elements  : C0H3O,  or  C30HlsO6. 

When  santonine  is  administered  internally,  the  normal 
urine  does  not  appear  to  have  undergone  any  change  when 
afterwards  passed.  If  the  urine  be,  however,  by  any  accident 
alkaline,  it  has  a fine  red  colour.  In  the  acid  and  un- 
changed urine  passed  after  the  ingestion  of  santonine,  this 
red  colour  may  be  produced  by  ammonia,  and  the  fixed 
alkalies  and  earths,  also  by  the  carbonates,  tribasic  phos- 
phates, and  borates  of  the  alkalies.  The  phosphates,  which 
are  thereby  precipitated,  are  coloured  red  by  adhering  pig- 
ment. If  this  alkaline  red  urine  is  left  to  stand,  it  sooner  or 
later  becomes  yellow  again,  and  the  red  colour  cannot  again 
be  produced  by  either  acids  or  alkalies.  The  red  colour  of 
urine,  produced  in  common  acid  yellow  urine  passed  after 
ingestion  of  santonine,  may  be  made  to  disappear  quickly 
by  shaking  with  oxygen  gas,  or  by  passing  ozone  through  it, 
which  latter  is  perfectly  absorbed  during  its  passage. 

Klctzinsky  took  santonine  in  doses  increased  gradually 
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from  one  half  to  three  grains.  Fifteen  grains  had  besides  a 
slight  diuretic,  no  other,  effect.  Twenty  hours  after  inges- 
tion, the  last  traces  of  the  urinary  pigment  produced  by  the 
santonine  could  be  perceived  in  the  urine. 

This  observer  dissolved  santonine  in  a hot  solution  of 
caustic  potassa  in  alcohol,  and  passed  ozonized  air  through 
the  solution,  which  was  kept  hot  in  a water-bath.  The  solu- 
tion became  red,  but  afterwards  the  colour  changed  into 
yellow,  which  did  not  undergo  any  further  modification. 
The  ozonized  air  now  passed  through  the  solution.  The 
alkaline  solution  after  neutralization  with  acetic  acid  was 
evaporated  to  remove  the  alkohol,  and  after  dilution  with 
water  precipitated  by  an  excess  of  neutral  acetate  of  lead. 
The  yellow  flaky  precipitate  was  washed  with  boiling  water, 
removed  into  a flask,  suspended  in  alcohol,  and  treated 
with  hydrothion.  The  filtrate  was  freed  from  hydrothion, 
treated  with  animal  charcoal,  until  it  was  colourless,  and 
lastly  evaporated.  The  residue  was  acid,  and  left  colourless 
rhombic  prisms,  which  burned  on  platinum  foil  without  resi- 
due, under  evolution  of  vapours,  having  an  irritating  influ- 
ence upon  the  air-passages.  Their  solution  was  neutralised 
by  ammonia ; in  this  neutral  solution,  salts  of  iron  produced 
a brownish-yellow  precipitate,  salts  of  manganese  no  reaction. 
It  was  therefore  probable,  that  the  prisms  were  an  acid  of 
the  succinic  group.  The  lead  salt  yielded  66-225  per  cent, 
(calcul.  66T8)  of  oxvde  of  lead.  The  crystals  of  the  acid 
yielded  by  combustion  with  oxyde  of  copper,  figures  equal  to 
5 equivalents  of  carbon,  3‘9  equivalents  of  hydrogen,  and  by 
deficit  4 equivalents  of  oxygen,  which  corresponds  to  the 
formula  C5II404,  or  C5H303  + HO,  being  the  hydrate  of 
lipinic  or  pyrotartarie  acid. 

Between  santonine,  C5H30,  and  lipinic  acid,  C5H303,  a 
substance  may  be  supposed  to  exist  of  the  formula  C5H302, 
lipinous  acid,  urophanic  pigment  of  cinna,  being  perhaps  the 
red  pigment  in  alkaline  urine  after  ingestion  of  santonine. 
The  direct  proof  of  this  assumption  is,  however,  yet  wanting. 
Like  sennine,  rhamnine,  and  rheine,  this  urophanic  santo- 
neine  is  a pigmento-resinous  acid,  and  one  of  a group  nearly 
related  to  the  succinic  series.  Santonine  from  this  may  be 
considered  as  oxyde  of  lipine,  C5H3  + O. 

The  equivalent  of  santonine  has  been  determined  to  be 
CwHlsOi;  from  its  compound  with  soda, 

NaO  . C.%H1806  + 8 HO. 

The  newest  formula  for  pyrotartarie  acid  is  2 IIO  . C10H6O6. 
If  santonine  is  to  be  transformed  into  this  acid  without  any 
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further  changes  than  the  accession  of  oxygen,  12  equivalents 
of  this  latter  and  six  of  water  would  have  to  join  one  equi- 
valent of  santonine,  and  this  compound  hy  separation  would 
form  three  atoms  of  pyrotartaric  acid.  It  is  scarcely  neces- 
sary to  state  that  this  metamorphosis  requires  further  con- 
firmation, 


CHAPTER  XLYI. 


II U ORGANIC  INORGANIC  SUBSTANCES. 


1.  IODINE. 

Iodine  is  frequently  used  as  a medicine,  sometimes  rather 
indiscriminately.  In  other  cases,  its  effects  are  irregular, 
though  it  has  been  given  with  a due  regard  to  experience.  It 
is  necessary  to  ascertain  the  reasons  of  this  variable  action ; 
and  for  this  purpose  the  analysis  of  the  urine  will  best  serve. 
For  one  of  the  principal  reasons  why  iodine  and  its  pre- 
parations are  borne  very  well  by  some,  and  have  injurious 
effects  in  others,  is  the  varying  length  of  time  required  for 
its  removal  from  the  body.  Thus  Lehmann  found  that, 
when  several  persons  had  each  taken  a dose  of  10  grains  of 
iodide  of  potassium,  some  would  immediately  begin  to  ex- 
crete it  in  their  urine,  wrhich  after  the  lapse  of  twenty-four 
hours  no  longer  contained  any  trace  of  the  iodide.  In 
others,  however,  the  iodide  could  frequently  be  found  even 
after  the  lapse  of  three  days.  Supposing  the  daily  dose  of 
10  grains  to  have  been  administered  for  a length  of  time  to 
these  two  classes  of  people,  the  first  class  wrould  most  pro- 
bably never  have  at  one  time  more  than  10  grains  of  the 
iodide  in  their  body,  while  the  latter  might  have  30  or  40 
grains  in  their  body  at  one  time.  Not  only,  therefore,  would 
the  action  of  the  drug,  in  these  latter  cases,  go  parallel  to  the 
quantity  present,  but  also  it  would  last  much  longer ; and  in 
this  way  equal  doses  at  equal  intervals  might  in  the  latter 
class  produce  four  times  the  effect  they  would  produce  in 
the  first  class.  In  some  cases,  therefore,  where  an  explana- 
tion of  an  extraordinary  mode  of  action  of  iodine  or  iodides 
may  be  necessary  or  desirable,  the  analysis  of  the  urine 
will  be  the  chief  source  for  information  on  this  point, 

26 


41)2 


UllOPHANIC  INORGANIC  SUBSTANCES. 


due  consideration  being  given  to  other  excretions,  by  which 
iodine  is  removed  from  the  economy. 


Volumetrical  analysis  of  Iodine  in  the  Urine. 

Ker sting’s  Method. 

This  method1  is  based  upon  the  fact,  that  a very  dilute 
solution  of  iodine  or  an  iodide  yields  all  the  iodine 
tion  with  sulphuric  acid . In  the  distillate,  the  amount  of  iodine 
is  determined  by  a solution  of  chloride  of  suboxyde  of  palladium 
of  known  strength.  In  the  performance  of  this  analysis,  care 
must  be  taken  never  to  have  an  excess  of  the  solution  of  iodine 
mixed  with  the  solution  of  palladium,  as  in  that  case  the 
fluid  does  not  get  clear  very  quickly,  and  the  precipitate  of 
iodide  of  palladium  adheres  to  the  walls  of  the  glass.  But 
when  the  solution  of  palladium  is  present  in  slight  excess 
together  with  a little  hydrochloric  acid,  and  the  mixture  is 
warmed  to  from  60°  to  100°  C.  (140°  to  212°  F.),  and  agitated, 
the  iodide  of  palladium,  after  a few  seconds,  separates  in 
black,  cheesy  flakes,  and  the  supernatant  fluid  is  perfectly  clear 
and  colourless.  In  performing  the  analysis,  therefore,  to  a 
known  volume  of  the  solution  of  palladium  of  known  strength, 
such  a volume  of  the  solution  of  iodine  to  be  analvsed  is 
added,  as  is  just  sufficient  to  precipitate  the  entire  amount 
of  palladium  in  solution.  This  analysis  is  so  accurate,  that 
•j^tli  milligramme  of  iodine  may  be  determined  by  means 
of  the  palladium,  and  too^otto^1  milligramme  of  palladium 
by  means  of  iodine.  The  method  is  therefore,  in  one  sense 
ten  thousand  times  more  delicate  than  chemical  scales  of 
the  highest  order.  The  chemical  balance  which  I employ, 
one  by  Liebrich,  at  Giessen,  will  turn  with  fl^th  milligramme, 
when  loaded  with  100  grammes  on  each  side.  It  therefore 
indicates  one  millionth  of  the  weight  which  it  is  capable  of 
carrying.  The  balance  has  therefore  a disadvantage  when 
compared  with  volumetrical  analysis,  in  not  being  so  able  to 
combine  quantity  with  accuracy ; the  dilution  of  tests  enables 
us  to  produce  a delicacy  regarding  quantities,  which  we  might 
in  vain  endeavour  to  attain  by  mechanical  appliances. 

Preparation  of  Solution  of  Iodide  of  Potassium  of  known 

strength. 

This  solution  is  to  be  so  graduated  that  every  part  of 
it  contains  ToVoth  part  of  iodine.  For  that  purpose  1*308 

1 Kersting,  ‘Ann.  d.  Chem.  und  Pharm.,'  Bd.  S7,  p.  21.  See  also  Neubauer. 
loc.  cit.,  p.  120. 
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grammes  of  dry  iodide  of  potassium,  perfectly  free  from 
iodate  of  potash,  are  dissolved  in  water,  and  the  solution 
is  diluted  uutil  amounting  to  one  litre.  1 c.c.  of  this  solu- 
tion contains  1 milligramme  of  iodine,  as  1-308  grammes  of 
iodide  of  potassium  contain  1 gramme  of  iodine. 

(126-88  : 165-99  = 1 : x = 1-308.) 


Solution  of  Chloride  of  Suboxyde  of  Palladium  of  known 

strength. 

We  prepare  a solution  of  palladium  of  unknown  strength, 
and  graduate  it  by  means  of  the  solution  of  iodide  of  po- 
tassium, just  described.  1 gramme  of  the  metal  is  dis- 
solved in  aqua  regia,  with  the  aid  of  heat,  and  evaporated  to 
dryness  on  the  water-bath.  After  solution  of  the  residue  in 
50  c.c.  of  concentrated  hydrochloric  acid,  water  is  added  to 
the  amount  of  about  2000  c.c.  The  exact  amount  of  palla- 
dium contained  in  a given  volume  is  now  determined  by 
means  of  the  solution  of  iodide  of  potassium  of  known 
strength,  in  the  following  manner.  10  c.c.  of  the  solution 
of  palladium  to  be  graduated,  are  put  into  a balloon  of 
about  200  c.c.  capacity.  The  balloon  is  closed  by  a cork- 
stopper,  and  warmed  in  a water-bath,  to  near  boiling  heat. 
From  a burette,  the  graduated  solution  of  iodide  of  potassium 
is  now  added,  the  mixture  shaken,  and  warmed  again.  Four 
minutes  will  suffice  to  separate  the  mixture  into  a precipitate, 
which  subsides  towards  the  bottom  of  the  vessel,  and  a 
clear  supernatant  fluid.  Of  the  latter,  two  portions  are 
each  put  in  a test-tube.  To  the  one  portion,  a few  drops 
of  the  solution  of  iodide  of  potassium  are  added ; and,  by  com- 
parison with  the  other  test-tube,  we  find  whether  a brownish 
tint  has  been  produced  by  the  iodide.  In  case  a brownish 
precipitate  has  been  produced,  the  two  portions  are  again 
poured  back  to  the  main  bulk  of  fluid,  to  which  some  more 
solution  of  the  iodide  is  added  under  agitation,  and  warming, 
and  so  on,  until  in  a fresh  portion  of  the  clear  supernatant 
fluid  no  discoloration  is  produced  by  the  addition  of  the 
iodide  test  fluid.  At  this  stage  of  the  proceeding,  the  fluid 
is  separated  from  the  precipitate  by  filtration;  and,  if  a 
sample  of  it  is  not  tinted  brown  by  either  solution  of  palla- 
dium or  iodine,  the  fluid  does  not  contain  a trace  of  excess  of 
either  substance,  and  the  analysis  is  completed.  From  the 
equivalent  of  the  iodine  used,  the  amount  of  palladium  con- 
tained in  the  10  c.c.  used  for  analysis,  may  be  found  by 
calculation.  1 milligramme  of  iodine  is  equivalent  to  0 42 
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milligrammes  of  palladium,  which  is  therefore  the  quantity 
indicated  by  every  cubic  centimetre  of  the  graduated  solution 
of  iodide  of  potassium. 

Supposing  the  10  c.c.  of  solution  of  chloride  of  palladium 
required  for  the  complete  precipitation  of  palladium  contained 
in  it,  11  *9  c.c.  of  graduated  solution  of  iodide  of  potassium, 
containing  11*9  milligrammes  of  iodine,  then  the  amount 
of  palladium  contained  in  the  10  c.c.  of  solution  was 
11 '9  x 0- 42  milligrammes  = 4‘998  milligrammes.  The  same 
volume  of  solution  of  palladium  would  therefore  require  such 
an  amount  of  solution  of  iodine  of  unknown  strength,  as 
would  exactly  contain  1T9  milligrammes  of  iodine.  From 
the  amount  thus  used,  the  amount  of  iodine  contained  in  the 
entire  bulk  of  fluid  is  ascertained  by  calculation. 

Application  to  the  Urine. 

100  c.c.  or  more  of  urine  are  mixed  with  20  c.c.  of  con- 
centrated sulphuric  acid,  and  kept  in  a cold  water -bath 
during  the  first  violent  evolution  of  heat.  The  balloon  con- 
taining the  mixture  is  then  connected  with  Liebig’s  cooler, 
and  the  distillation  proceeded  with.  It  is  continued  until, 
in  the  neck  of  the  balloon,  white  vapours  of  sulphuric  acid 
begin  to  appear.  If,  however,  the  urine  contains  only  a 
very  small  amount  of  iodine,  any  measured  quantity,  after 
addition  of  an  excess  of  caustic  potash,  may  be  concentrated 
by  simple  evaporation  of  the  water,  and  only  then  distilled 
with  sulphuric  acid  in  the  manner  described. 

The  distillate  thus  obtained  contains  ioduretted  hydrogen, 
all  volatile  acids  of  the  urine,  with  carbonic,  sulphurous,  and 
sulphuric  acids.  The  sulphurous  acid  must  be  oxydized,  be- 
fore the  fluid  can  be  subject  to  further  analysis.  This  is 
effected  in  the  following  manner: — To  the  distillate  are 
added  one  or  two  drops  of  solution  of  starch  (made  of  1 part 
of  starch,  Toth  part  of  sulphuric  acid,  and  24  parts  of  water), 
and  after  that  a saturated  solution  of  chloride  of  lime  in 
drops,  until  the  fluid  just  begins  to  get  blue.  The  blue 
colour  is  then  again  made  to  disappear  by  one  or  two  drops 
of  a dilute  solution  of  sulphurous  acid  in  water.  The  volume 
of  the  entire  solution  is  now  measured,  and  the  necessary 
quantity  of  it  filled  into  a Mohr’s  burette,  and  from  this 
added  to  the  10  c.c.  of  solution  of  chloride  of  palladium  in 
the  manner  above  described,  until  the  entire  amount  of 
palladium  is  precipitated. 

Thus,  if  100  c.c.  of  urine  yielded  96  c.c.  of  distillate,  and 
if  of  this  distillate  12  c.c.  were  required  for  precipitating  the 
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4’998  milligrammes  of  palladium  from  tlie  lOc.c.  of  solution, 
then  the  12  c.c.  contain  11  -9  milligrammes  of  iodine. 
(53‘24  : 126-88  = 4-998  : a?.)  The  96  c.c.  of  distillate  there- 
fore, corresponding  to  100  c.c.  of  urine,  contain  8 x 11-9 
milligrammes  — 95'2  milligrammes,  = 0-0952  grammes  of 
iodine. 


2.  ARSENIC  AND  ANTIMONY. 

In  cases  where  these  metals,  or  either  of  them,  should  he 
present  in  urine  in  any  considerable  quantity,  they  would  be 
precipitated  as  sulphides  by  a current  of  hydrothion  con- 
ducted through  the  acidified  liquid.  But  mostly  their  quan- 
tities are  very  small,  not  so  much  because  those  poisons  are 
sparingly  eliminated  by  the  kidneys,  as  because  (in  cases  of 
poisoning),  the  urine  containing  the  largest  proportion  is 
mostly  not  to  he  obtained. 

When  these  substances  have  been  administered  to  any  per- 
son, either  in  medicinal  doses,  or  by  accident  or  criminal 
design,  the  urine  of  the  patient  voided  some  time  afterwards, 
almost  always  contains  some  arsenic  or  antimony,  so  that 
Orfila  was  induced  to  recommend  a diuretic  treatment  in 
cases  of  poisoning  by  either  of  these  substances. 

Reinsch’s  Method  of  obtaining  Arsenic  and  Antimony  from 

Urine.1 

The  urine  is  evaporated  to  a small  bulk,  and  then  from 
one  sixth  to  one  seventh  of  its  volume  of  pure  hydrochloric 
acid  is  added  to  it.  It  is  boiled ; and  while  boiling,  a small 
piece  of  thin  copper  foil,  freshly  brightened  by  rubbing  with 
some  oxalic  or  hydrochloric  acid  and  paper,  or  a piece  of  fine 
copper-gauze,  is  introduced.  Sooner  or  later,  according  to 
the  quantity  present,  antimony,  or  arsenic,  or  both,  arc  de- 
posited on  the  copper,  producing  a blackish  grey,  or  grey 
deposit,  with  a reddish-violet,  or  purple  tint,  if  antimony  in 
small  quantities  is  deposited ; but  an  iron  grey  or  black  tint, 
if  antimony  in  large  quantities,  or  arsenic,  are  deposited.  If 
no  deposit  is  observed  at  first,  the  whole  of  the  liquid  must 
be  boiled  down  on  the  copper,  before  the  inference  is  drawn, 
that  arsenic  or  antimony  arc  absent.  If  the  copper  be  re- 
moved without  any  metallic  tarnish  or  deposit  upon  its  sur- 
face, there  is  no  antimony  or  arsenic  present.  If  it  has  ac- 

1 Taylor,  ‘Guy’s  Hosp.  Rep.,’  October,  1857. 
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quired  a metallic  deposit,  then,  after  well  washing,  and  dry- 
ing it,  the  following  steps  must  be  resorted  to  in  order  to 
determine  the  nature  of  the  metallic  coating. 

Diagnosis  of  Arsenic  and  Antimony. 

The  copper  foil  is  placed  in  a tube,  which  is  closed  at  one 
end,  and  heated.  A grey  or  dark  metallic  ring  deposited  at 
the  cold  part  of  the  glass  tube,  consists  of  arsenic.  A white 
sublimate  deposited  beyond  the  black  ring,  and  seen  under 
the  microscope  to  consist  of  cubes  and  octahedra,  is  arsenious 
acid. 

Antimony  is  not  sublimed  under  these  circumstances. 

The  copper  foil  is  placed  into  a concentrated  alkaline  so- 
lution of  hypochlorite  of  soda;  the  metallic  deposit  of 
arsenic  is  immediately  or  slowly  dissolved.  The  presence  of 
small  quantities  of  antimony  does  not  interfere  with  this 
reaction,  any  further  than  that  the  antimony  remains  un- 
dissolved. 

If  the  copper  foil,  after  having  undergone  the  above  tests, 
still  retains  a metallic  coating,  it  is  boiled  in  a weak  solution 
of  potash,  the  metal  being  partly  exposed  to  air  by  drawing 
it  out  of  the  alkaline  liquid,  and  then  again  returning  it.  In 
this  way  the  antimony  is  oxydized  by  the  air  in  contact  with 
an  alkaline  solution,  and  antimoniate  of  potash  is  formed. 
In  about  five  or  ten  minutes,  the  copper  will  have  lost  the 
deposit,  and  the  liquid  may  then  be  filtered,  acidulated  with 
hydrochloric  acid,  and  treated  with  sulphuretted  hydrogen. 
The  persulphide  of  antimony,  of  its  characteristic  colour,  is 
orange-red  thrown  down,  either  immediately,  or  on  allowing 
the  liquid  to  stand  for  a short  time.  (Watson). 


3.  LEAD. 

Kletzinsky’s  Method 1 of  obtaining  Lead  from  the  Urine  of 
patients  labouring  under  Lead  poisoning. 

It  is  necessary  to  employ  not  less  than  one  day’s  urine  for 
this  operation,  which  is  the  more  likely  to  be  successful,  the 
larger  the  quantity  of  urine  employed. 

The  urine,  after  being  made  alkaline  by  caustic  potassa,  is 
mixed  with  two  per  cent,  of  its  weight  of  nitrate  of  potassa, 
and  evaporated  to  dryness.  The  residue  is  now  transferred 
into  a small  china  capsule,  and  exposed  to  red  heat,  when  a 

1 1 Wien.  Med.  Wochensehiift,’  1857,  No.  42,  44,  45. 
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slow  deflagration  destroys  the  whole  amount  of  organic  mat- 
ter present.  On  cooling,  there  remains  a white  slakv  mass, 
not  adhering  to  the  capsule,  and  containing  all  the  inorganic 
fixed  ingredients  of  the  urine  together,  with  the  lead  that  may 
have  been  present.  This  slake  is  powdered  finely,  and  boiled 
for  some  time  with  a half-saturated  solution  of  neutral  tar- 
trate of  ammonia,  to  which  some  caustic  ammonia  has  been 
added.  The  decoction  is  freed  from  the  residue  by  filtration  ; 
the  filtrate  contains  all  the  lead  in  solution.  It  is  acidulated 
by  means  of  hydrochloric  acid,  and  a current  of  sulphuretted 
hydrogen  is  allowed  to  pass  through  it.  A brown  dis- 
coloration, or  a black  precipitate,  indicates  the  presence  of  a 
poisonous  metal,  which  from  the  history  of  the  case  may  be 
supposed  to  be  lead.  The  precipitate  is  allowed  to  deposit 
for  twenty-four  hours,  washed  by  decantation,  redissolved  in 
warm  dilute  nitric  acid,  and  the  filtrate  from  the  precipitate 
of  sulphur,  after  neutralization,  is  tested  by  means  of  chromate 
of  potassa  and  sulphuric  acid.  The  chromate  yielding  a 
yellow,  the  sulphuric  acid  a white  precipitate,  excludes  any 
doubt  as  to  the  black  precipitate  having  been  sulphuret 
of  lead. 

In  fourteen  cases  of  distinct  lead  poisoning  examined  in 
this  manner,  Kletzinsky  succeeded  only  in  two,  in  proving 
the  presence  in  the  urine  of  lead  by  the  latter  tests.  In  the 
twelve  remaining,  the  presence  of  lead  was  only  indicated 
by  the  brownish  colour  produced  in  the  acid  solution  by 
hydrothion. 

A plumber,  set.  34,  was  admitted  into  St.  Mary’s  Hospital,  under  the  care  of 
Dr.  Chambers,  on  the  7th  of  January,  1857.  He  had  had  colic  three  or  four 
times  previously,  but  had  experienced  no  symptoms  of  saturnine  paralysis.  On 
the  7th  of  January,  he  was  suddenly  attacked  with  epileptic  fits.  He  had  a suc- 
cession of  fits,  which  lasted  for  thirty-six  hours.  When  Dr.  Sieveking  saw  him, 
on  the  14th  of  January,  he  stated  that  he  had  no  recollection  of  anything  that 
happened  from  the  time  of  his  admission  into  the  hospital  to  the  12th  of 
January;  that  he  woke  up  with  severe  headache,  occupying  the  entire  head,  with 
vertigo,  and  found  that  he  had  lost  the  power  of  moving  the  left  leg  and  the 
right  arm ; the  left  arm  and  the  right  leg  continued  normal  both  in  regard  to 
sensation  and  motion.  There  was  decided  diminution  of  sensation  in  the 
affected  limbs,  and  the  right  hand  was  in  a permanent  semi-flexed  condition,  with 
very  little  power  remaining  of  opening  or  closing  the  fingers.  On  first  recover- 
ing consciousness,  the  people  in  the  ward  seemed  to  him  as  small  dolls,  and  the 
opposite  side  of  the  room  seemed  to  be  sunk  forty  feet  below  its  own  level. 
These  erroneous  impressions  he  was  conscious  of  at  the  time,  and  they  disappeared 
in  four  days.  The  urine  was  very  scanty.  There  was  a marked  blue  line 
round  the  margin  of  the  upper  and  lower  gums.  There  had  been  a suscepti- 
bility to  pain  in  the  paralysed  parts,  which  remained  after  the  ordinary  tactile 
sensibility  appeared  to  be  restored.  On  the  10th  of  January,  the  patient  had 
10  grains  of  iodide  of  potassium  administered  to  him  three  times  a day.  A rapid 
improvement  was  perceptible.  The  amount  of  urine  rapidly  increased;  but 
although  on  two  occasions  after  commencing  the  iodide  of  potassium,  the  urine 
of  at  least  twelve  hours  was  tested  for  lead,  none  was  found. 


408 


111101*11  AN  1C  INORGANIC  SUBSTANCES. 


The  fact  that  Dr.  Bernays,  the  able  chemical  lecturer  at  St.  Mary’s  Hospital, 
kindly  charged  himself  with  these  analyses,  will  he  a sufficient  guarantee  that 
no  lead  was  present.  Dr.  Sieveking  again  ordered  the  urine  to  be  collected  from 
the  20th  to  the  21st  of  January,  and  although  probably  only  about  one  half  of 
the  urine  secreted  had  been  preserved,  owing  to  the  remainder  having  been  dis- 
charged in  defecation,  he  obtained  860  c.c.,  of  a reddish-yellow  hue,  and  turbid. 
This  was  evaporated  down  nearly  to  dryness,  and  the  residue  was  boiled  with 
nitro-hydrochloric  acid,  and  filtered.  The  filtrate,  on  the  addition  of  sulphide 
of  ammonium,  or  of  sulphuretted  hydrogen,  gave  a copious  precipitate  of  the 
sulphuret  of  lead. — Dr.  Sieveking,  ‘ Med.  Times  and  Gaz,,’  Feb.  14,  1857. 


4.  MERCURY. 

The  urine  is  treated  on  the  water-bath  with  chlorate  of 
potash  and  fuming  hydrochloric  acid,  until  the  chlorate  and 
organic  matters  are  entirely  destroyed.  The  fluid  is  then 
evaporated  to  dryness,  and  the  residue  extracted  with  ether, 
until  this  solvent  does  not  take  up  anything  more.  The 
ethereal  solution,  on  evaporation,  leaves  dry  mercury  in  the 
form  of  chloride,  or  corrosive  sublimate.  The  watery  solu- 
tion  of  this  latter  is  precipitated  yellow  by  caustic  potassa, 
and  the  precipitate  is  insoluble  in  an  excess  of  the  alkali. 
Iodide  of  potassium  produces  a fiery  red  precipitate  of 
iodide  of  mercury,  soluble  in  an  excess  of  the  iodide  of 
potassium. 

In  all  cases,  where  the  urine  contains  mercury,  there  is  at 
the  same  time  a peculiar  albuminous  substance  present  in  it, 
which  with  nitric  acid  gives  a faint  reaction  of  albumen.  A 
substance  is  also  present,  having  the  reactions  of  sugar. 

Not  in  all  cases  of  mercurialism  has  it  been  possible  to 
detect  the  metal  in  the  urine.  In  some  cases,  the  metal  only 
appeared  in  the  urine  at  intervals,  even  where  the  symptoms 
had  undergone  no  remission.  In  other  cases,  the  reappear- 
ance of  the  metal  in  the  urine  was  accompanied  by  a decided 
increase  in  the  severity  of  the  mercurial  symptoms. 


5.  COPPER. 

The  urine1  is  treated  on  the  water-bath  with  chlorate  of 
potash  and  fuming  hydrochloric  acid,  until  the  organic 
matters  and  the  chlorate  are  entirely  destroyed.  The  pale 
yellowish  solution  is  now  made  alkaline  by  an  excess  of 
ammonia,  whereby  its  colour  changes  into  brown,  with  a 
smoky  hue.  Any  precipitate  that  may  ensue  is  removed  by 

1 Kletzinskv,  ‘Wien.  Med.  Wochenschrift,'  1857,  No. 43. 
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filtration.  The  filtrate  is  evaporated  on  the  water-bath  to 
perfect  dryness,  the  residue  moistened  w'ith  nitric  acid  of 
l-5  specific  gravity,  and  exposed  to  red  heat  in  a china 
capsule.  The  ashes,  which  must  not  contain  any  charcoal, 
are  dissolved  in  hydrochloric  acid,  and  this  solution  is 
boiled  under  addition  of  little  nitric  acid,  in  order  to  ensure 
the  highest  possible  oxydation  of  the  metals,  iron  and  copper, 
of  which  the  former  is  always  present  in  urine.  This  acid 
solution  is  now  treated  with  excess  of  ammonia,  whereupon 
a precipitate  of  hydrated  oxyde  of  iron  falls  down,  which  must 
he  removed  by  filtration.  If  the  filtrate  has  a bluish  colour, 
and  after  being  acidulated  with  acetic  acid,  yields  a reddish 
turbidity  or  reddish-brown  precipitate  with  ferrocyanide  of 
potassium,  the  presence  of  copper  is  proved.  This  proof  may 
be  further  strengthened  by  acidulating  the  alkaline  solution 
by  hydrochloric  acid,  and  conducting  a current  of  sulphu- 
retted hydrogen  through  it ; a brownish  turbidity,  soluble  in 
sulphuretted  ammonium,  with  a brown  colour,  is  indicative 
of  copper.  Another  test  consists  in  putting  a piece  of  blank 
iron  foil,  surrounded  by  a spiral  wire  of  platinum,  into  the 
solution,  acidulated  by  hydrochloric  acid.  After  several 
hours,  the  iron  is  covered  by  a red  hue,  if  copper  is  present 
in  the  solution. 

In  six  cases  of  poisoning  by  copper  compounds,  noticed  by 
Kletzinsky,  this  metal  could  be  found  in  the  urine  as  long  as 
any  symptoms  remained  about  the  patients.  When  the 
symptoms  ceased,  the  copper  disappeared  from  the  urine,  but 
continued  to  be  discharged  with  the  fseccs.  The  faeces  of 
healthy  persons  mostly  contain  some  copper ; healthy  urine, 
however,  does  not  contain  any  traces  of  this  metal. 


Of  other  inorganic  substances  introduced  into  the  system, 
the  following  have  been  found  to  make  their  appearance  in 
the  urine  : 

Bromine  (Heller),  and  bromides. 

Ammonia,  mostly  as  such,  a small  quantity  transformed 
into  nitric  acid.  (Bence  Jones.) 

^ .x 

of  alkalies.  (Wohler). 

Sulphocyanide,  or  rhodide, 

Ferrocyanide, 

Ferricyanide  changed  into  ferrocyanide, 


I of  potassium. 
(Wohler.) 


Lftrboiifttcs^ 

Silicates, 

Chlorides, 

Borates. 
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Rhodallinc,  as  sulphocyanide  of  ammonium.  (Wohler  and 
Frerichs.) 

NUratee}ofP°tasSa;  (W6hler') 

Sulphuret  of  potassium  reappears  partly  as  such,  partly  as 
sulphate  of  potassa.  (Wohler.) 

Chloride  of  barium.  (Wohler.) 


ADDENDA. 


1.  TRIMETHYLAMINE. 

When  large  quantities  of  human  urine  are  distilled,  a dis- 
tillate is  obtained,  having  a strong  smell  of  ammonia,  and 
also  of  sea-fish.  When  a little  over-saturated  with  hydro- 
chloric acid,  it  assumes  a reddish  colour,  owing  to  the  pre- 
sence of  one  of  the  acids  discovered  by  Stadeler.  By  crystal- 
lization, a large  amount  of  chloride  of  ammonium  is  sepa- 
rated ; the  mother  liquor  is  evaporated  to  dryness,  the 
residue  extracted  with  alcohol,  and  the  alcoholic  solution  is 
mixed  with  bichloride  of  platinum.  After  several  crys- 
tallizations, fine  crystals  of  the  double  salt  of  trimethylamine 
and  bichloride  of  platinum  are  obtained,  containing  37' 17  Pt., 
and  4022  Cl,  and  having  the  formula  C6H]0NC13  Pt. 

Sixty-five  litres  of  fluid,  being  previously  condensed  urine, 
gave  2200  grammes  of  chloride  of  ammonium,  and  only 
1 7 grammes  of  the  double  salt  of  trimethylamine,  corre- 
sponding to  only  3’ 7 grammes  of  free  trimethylamine.1 


2.  SARKINE. 

Since  the  printing  of  the  chapter  on  “ Sarcine,”  for 
which  I provisionally  proposed  the  name  of  Carnine,  the 
above  spelling  of  the  original  word  has  been  introduced  in 
Germany.  I have  no  hesitation  in  adopting  it,  as  effecting 
in  a preferable  manner  the  object  which  I had  in  view 
when  proposing  a new  synonym,  namely,  distinction  from 
Sarcina  ventriculi. 

Mode  of  obtaining  Sarkine  from  Human  Urine. 

The  urine  is  neutralized  with  milk  of  lime,  and  treated 
with  a solution  of  chloride  of  calcium,  so  long  as  a precipitate 

1 Dessaignes,  ‘Ann.  cl.  Chem.  und  Piiann.,’  c,  p.  218.  ‘Comp.  Rend.,’ 
xiiii,  p.  670. 
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is  thereby  produced.  The  filtrate  is  evaporated  to  half  its 
bulk,  and  while  hot,  is  treated  with  a solution  of  acetate  of 
copper,  until  a precipitate  ceases  to  be  produced.  The  pre- 
cipitate, at  first  bluish,  and  very  voluminous,  quickly  be- 
comes flaky,  and  though  still  voluminous,  assumes  a light 
brown  colour.  The  fluid,  which  has  exchanged  its  alkaline 
reaction  for  an  acid  one,  is  now  set  aside,  and  after  the  pre- 
cipitate has  settled,  is  removed  by  decantation,  or,  what  is 
preferable,  the  syphon.  The  precipitate  is  washed  several 
times  with  water,  and  the  latter  is  removed  by  decantation 
with  the  syphon ; it  is  lastly  collected  on  a filter,  and  washed 
with  water,  until  the  wrashings  begin  to  get  turbid.  If  the 
precipitate  is  now  analysed,  it  is  found  to  contain  oxyde  of 
copper,  lime,  uric  acid,  and  sarkine.  To  separate  these  sub- 
stances, the  precipitate  is  washed  from  the  filter  into  a 
narrow-necked  bottle,  and  suspended  in  a large  amount  of 
water.  Sulphuretted  hydrogen  is  now  passed  through  it, 
until  the  fluid,  after  shaking  in  the  stoppered  bottle,  smells 
strongly  of  the  hydrotliion.  The  sulphide  of  copper  is  al- 
lowed to  deposit  in  a warm  place,  the  supernatant  liquid  is 
removed  by  the  syphon  : the  precipitate  is  throw  n on  a filter 
and  washed  with  water  containing  hydrotliion,  and  the  fil- 
trates are  united  with  the  decanted  fluid.  This  solution  in 
the  cold  quickly  becomes  turbid,  and  deposits  urate  of  lime 
in  needles  and  crystalline  masses.  It  is  cleared  up  by  warm- 
ing it  on  the  sand-bath,  and  a solution  of  oxalic  acid  is  added 
to  it,  until  it  ceases  to  produce  a precipitate,  and  the  fluid 
has  assumed  a strongly  acid  reaction.  The  mixture  is  now 
allowed  to  stand  on  the  sand-bath  for  twenty-four  hours, 
and  stirred  frequently.  After  that  time,  all  uric  acid  is  de- 
posited in  crystals,  mixed  with  the  oxalate  of  lime.  The 
deposit  is  separated  by  filtration,  and  the  filtrate  is  freed  of 
oxalic  acid  by  treatment  with  pure  carbonate  of  lime.  When 
the  boiling  fluid  shows  an  alkaline  reaction,  it  may  be  filtered, 
and  evaporated  to  a small  bulk.  On  cooling,  sarkine  is  pre- 
cipitated in  the  form  of  a light,  amorphous,  granular  mass. 
The  mother  liquor,  which  is  very  brown,  is  separated  by  fil- 
tration, and  the  precipitate  on  the  filter  is  washed  with  cold 
water,  until  almost  white,  and  until  the  washings  are  quite 
colourless.  What  remains  on  the  filter  is  pure  sarkine.  The 
mother  liquor,  by  repeated  evaporation,  and  standing,  de- 
posits the  greater  part  of  its  sarkine,  which  may  be  obtained 
pure  like  the  first  portion. 

My  experience  has  led  me  to  avoid  hydrated  oxyde  of  lead 
as  a purifying  agent  for  sarkine,  or  the  dark  mother  liquor. 
The  quantities  of  sarkine  which  it  retains  are  very  large,  and 
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the  sarkine  obtained  is  not  purer  than  that  procured  by  the 
above  proceeding. 

The  sarkine  is  now  dissolved  in  a large  quantity  of  hot 
water,  and  a dilute  solution  of  nitrate  of  silver  is  added  to  it. 
A voluminous  greyish- white  precipitate  thereby  produced  is 
a compound  of  sarkine  and  nitrate  of  silver.  The  fluid 
must  be  stirred  and  kept  hot,  while  the  last  portions  of  the 
nitrate,  necessary  for  the  complete  precipitation  of  the 
sarkine  are  added,  as  the  bulky,  gelatinous  precipitate  would 
otherwise  enclose  mechanically  a considerable  amount  of  un- 
combined nitrate,  which  it  would  be  difficult  to  remove  by 
washing.  The  precipitate  becomes  a little  darker  by  boiling, 
but  is  not  blackened  like  the  precipitate  which  nitrate  of 
silver  produces  in  acid  urates.  When  the  precipitate  of 
sarkine  and  nitrate  of  silver  is  collected  on  a filter,  it  must 
be  washed  for  a length  of  time,  and  then  dried  over  sulphuric 
acid  in  the  vacuum.  When  dried  in  the  water-bath,  some 
silver  is  easily  reduced,  and  the  precipitate  becomes  black. 
During  the  process  of  drying,  the  large  and  bulky  pre- 
cipitate shrinks  to  an  insignificantly  small  compass. 

The  bulky  wet  precipitate  may  be  removed  from  the  filter, 
and  dissolved  in  concentrated  fuming  nitric  acid.  The  assist- 
ance of  heat  quickens  the  solution,  and  lessens  the  amount 
of  acid  necessary.  The  dried  precipitate  may  be  dissolved  in 
ordinary  nitric  acid,  gently  warmed,  or  boiling,  if  less  con- 
centrated. The  solution,  which  is  perfectly  clear,  and  some- 
what yellow,  on  cooling  and  standing  deposits  groups  of 
microscopical  rhombic  plates,  and  needles,  of  the  sarkine  and 
nitrate  of  silver  compound.  When  they  are  left  in  the  acid 
mother  liquor  for  some  time,  they  become  so  long  and  thin 
as  to  resemble  bundles  of  long  hair  emanating  in  curls  from 
one  invisible  centre  towards  all  directions.  This  appear- 
ance is  very  characteristic,  and  T have  never  seen  anything 
resembling  it. 


3.  SARCINA  VENTR1 CUL1  ( GoOdsir .) 

Synonym  : Merismopoedia  punctata  (Mcyen) . 

This  alga,  which  by  Goodsir,  was  discovered  in  vomited 
matters,  belongs  according  to  Niigcli,  to  the  natural  order 
of  the  Palmellaccse.  It  consists  of  particles  in  a peculiar 
cubic  arrangement ; there  are  generally  not  less  than  eight 
particles  united  within  a structureless  membrane,  forming  a 
cubic  package,  which  looks  like  a bundle  tightly  bound  by 
crossed  strings.  If  these  bodies  multiply,  the  increase  is 
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not  cubic,  but  simply  quadratic.  In  this  manner,  four 
primary  bundles,  of  eight  particles  each,  are  arranged  into 
a square,  presenting  to  the  eye  sixteen  particles,  but  in 
reality  being  made  up  of  thirty-two. 

The  particles  themselves  are  of  a greenish,  or  greenish- 
brown  colour,  of  an  irregular,  roundish  shape,  and  frequently 
present  a dark  point  in  their  centre,  from  which  Meyen  de- 
rived the  adjective  given  by  him  to  the  alga. 

The  sarcina  occurring  in  human  urine,  and  which  un- 
doubtedly may  be  developed  in  the  bladder,  has  a more 
irregular  arrangement  than  the  alga  occurring  in  the  stomach. 
The  specimen  represented  in  fig.  2 of  Plate  VI,  I purchased 
from  Mr.  Norman,  the  microscopical  mounter,  who  informed 
me  that  it  came  from  a ease  under  Mr.  Hilton’s  care,  in 
Guy’s  Hospital.  The  algse,  though  mounted  in  creosote 
water,  did  yet  show  their  peculiar  movements  for  weeks  after 
their  confinement  in  the  glass  cell.  This  specimen  is  now  in 
the  hands  of  my  friend  Hr.  H.  Welcker,  of  Giessen,  from 
whose  pen  we  may  shortly  expect  a practical  paper  on  the 
subject  of  sarcina  in  the  urinary  passages  of  man. 

The  first  observations  of  sarcina  in  urine  were  made  by 
Heller,  who  has  reported  three  cases.  Three  cases  have 
been  recorded  by  Mackay  and  Johnson.  Beale1 2  observed  a 
case  himself,  and  mentions  one  brought  under  his  notice  by 
Mr.  Brown,  of  Lichfield.  Hilton’s  and  Welcker’s  cases 
further  swell  the  number.  Several  cases,  hitherto  unpub- 
lished, were  also  mentioned  at  the  late  meeting  of  Naturalists 
at  Bonn. 

In  the  cases  lately  observed  in  Germany,  chronic  dys- 
pepsia was  a prominent  collateral  feature. 


4.  UROSTEALITH.3 

A young  man,  set.  24,  was  admitted  into  the  general  hos- 
pital, at  Vienna,  suffering  from  the  symptoms  which  usually 
attend  the  presence  of  concretions  in  the  urinary  organs. 
There  was  pain  in  the  region  of  the  left  kidney.  On  exami- 
nation, a calculus  was  discovered  to  be  present  in  the  bladder. 
During  several  days  he  passed  some  concretions,  not  larger 
than  hempseeds ; on  a subsequent  occasion,  the  concretions 

1 ‘ The  Microscope,’  &c.,  p.  176. 

2 Heller,  ‘Heller’s  Archiv,’  1845,  p.  1.  See  also  Simon’s  ‘ Animal  Chemis- 
trv,’  Syd.  Soc.  Edit.,  vol.  ii,  pp.  326  and  452.  Another  case  lias  been  published 

hy  W.  Moore,  ‘Dublin  Quart.  Journ.  of  Med.  Sc.,’  March,  1854,  p.  373.  See 
also  Heller’s  ‘ Archiv,’  vol.  vi,  p.  423. 
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had  a bloody  surface ; sometimes  he  passed  small  coagula  of 
blood,  at  others  crystals  of  triple  phosphate.  After  the 
nature  of  the  calculus  had  been  made  probable  by  the 
analysis  of  the  concretions,  which  consisted  of  urostealith, 
the  patient  was  treated  with  carbonate  of  soda,  when  uro- 
stealith was  found  dissolved  in  the  urine,  and  the  phosphatic 
crusts  of  the  calculus  were  passed  by  the  urethra,  in  a broken 
up  condition. 


Chemical  properties  of  Urostealith. 

A fragment  of  a calculus  placed  on  platinum  foil,  and 
heated,  remains  solid  at  first,  then  begins  to  fuse  and  swell 
up,  and  gives  off  a pungent  odour,  resembling  that  of  shellack 
and  benzoine.  The  substance  next  takes  fire,  and  burns 
with  a clear  yellow  flame ; a voluminous  charcoal  ultimately 
remains,  which,  when  thoroughly  burned,  leaves  a small 
amount  of  ash,  principally  lime. 

When  boiled  in  water,  urostealith  becomes  soft,  but  does 
not  dissolve.  It  dissolves  with  difficulty  in  warm  alcohol, 
easily  in  ether,  and  on  evaporation  is  again  obtained  in  an 
amorphous  condition.  If  kept  at  a gentle  heat  for  some  time, 
it  assumes  a violet  colour.  It  readily  dissolves  in  a hot  so- 
lution of  caustic  potassa,  forming  a brown  soap,  which,  by 
treatment  with  an  acid,  again  separates  into  urostealith,  and 
the  salt  of  the  acid.  When  heated  with  nitric  acid,  it  yields 
a colourless  solution,  a slight  quantity  of  gas  being  evolved. 
If  this  solution  is  evaporated,  the  residue,  when  treated  with 
ammonia  or  potassa,  assumes  a dark  yellow  colour. 

It  is  by  no  means  clear,  whether  urostealith  is  a resin 
or  a fat.  Its  elementary  composition  is  entirely  unknown, 
even  qualitatively. 
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TABLE  I. 

AVERAGE  COMPOSITION  OP  THE  NORMAL  URINE  FROM  TWENTY- 

FOUR  HOURS. 


Average  quantity  from 
metres,  49  to  56  fluid 
Average  specific  gravity, 
Mean  amount  of  solids 
grains. 

Water 
Urea  . 

Uric  acid 
Creatine 
Creatinine 
Sarkine 
Ursematine 
U roxantliin  e 
Hippuric  acid 
Chlorine 

(or  Chloride  of  sodium 
Sulphuric  acid 
Phosphoric  acid  . 
Potash  and  soda  \ 
Lime  and  magnesia  I 
Earthy  phosphates 
Iron  . 

Ammonia  . 
Trimethylamine 
Carbonic  acid 
Phenylic  acid 
Damaluric  acid 


24  hours,  1400  to  1600  cubic  centi- 
ounces. 

1-020. 

55  to  66  grammes,  or  850  to  1020 


1345  to  1534  grammes. 
30  to  40 
. 0-5 

. 0-3 

. 0-45 


. 0-5 

6 to  8 
10  to  13 
1-5  to  2-5 
. 366 


)) 

)) 

>) 

)) 


463  to  617  grs 
or  7 5 
or  4’ 5 
or  7-0 


undetermined. 


undetermined. 

U28  grammes, 
undetermined. 
0‘ 7 grammes. 


undetermined. 


19 

10 


>) 


or  7-5 
92  to  123 
1 54  to  200 
23  to  38 
56 


)) 

)) 

>,) 


The  minor  estimates  account  for  48  out  of  55  grammes  of 
solids,  the  larger  estimates  for  62  out  of  66  grammes  of 
solids. 
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TABLE  11. 


TABLE  FOR  DISCOVERING  THE  NATURE  OF  URINARY  DEPOSITS 
BY  CHEMICAL  REAGENTS. 


1. 


l 


6. 


) 

1 


Deposit,  white  . . . .2. 

,,  coloured  . . .5. 

„ dissolves  by  heat  . 

,,  insoluble  by  heat.  . 3. 

„ soluble  in  liquor  ammoniae 

,,  insoluble  in  ,,  4. 

„ soluble  in  acetic  acid  . 

„ insoluble 

„ visibly  crystalline 

,,  amorphous.  . .6. 

„ pale,  readily  soluble  by 

heat 

,,  deeply  coloured,  slowly  l 

soluble  by  heat  . i - 


Urates. 

Cystine. 

Earthy  phosphates. 
Oxalate  of  lime. 
Uric  acid. 


Urates. 

)) 


stained  by 
purpurine. 


27 
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TABLE  III. 


TABLE  FOli  THE  MICROSCOPICAL  CHEMICAL  EXAMINATION  OF 

URINARY  DEPOSITS.  • . 


1. 

2. 

3. 


f). 


(>.  I 


r Deposit,  amorphous  . 

1 ,,  visibly  crystalline 

r „ soluble  in  liq.  potassse  . 

I ,,  insoluble 

f „ crystals  in  well-defined 

< octahedra 

[ ,,  not  octahedral 

f „ in  six-sided  tables,  solu- 

I hie  in  ammonia 

„ not  tabular,  nor  soluble 

in  ammonia 

r ,,  soluble  in  acetic  acid  . 

I „ insoluble  in  „ 

,,  in  prisms,  or  simple 

pennse,  or  foliaceous 
stars 

,,  in  radiated  globules,  so- 

luble with  efferves- 
cence in  acetic  acid  . 
,,  in  dumb-bells 

„ in  lozenges,  or  compound 

crystals  strongly  co- 
loured . 

,,  in  spherical  masses 


2 

3. 

Urates. 

Phosphate  of  lime. 

Oxalate  of  lime. 

4. 


Cvstine. 


5. 

6. 


Triple  phosphate. 


Carbonate  of  lime. 
Oxalate  of  lime. 


Uric  acid. 
Urate  of  soda. 


The  above  tables  are  Dr.  G.  Bird’s  (‘  Urin.  Dep./  4th 
edit.,  p.  19,  20),  slightly  condensed,  by  the  exclusion  of 
bibasic  triple  phosphate  and  oxalurate  of  lime,  for  the  exist- 
ence of  which  substances  in  urine  no  proof  has  been  afforded 
to  us.  In  Dr.  Birkett’s  edition  these  tables  are  spun  out 
excessively,  and  thereby  have  lost  much  of  their  original 
perspicuity. 
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TABLE  IV. 


TABLE  FOR  THE  CONVERSION  OF  THE  CENTIGRADE  THERMOMETER 
SCALE  INTO  THAT  OF  FAHRENHEIT,  AND  VICE  VERSA. 

n°  Fah.  =3/9(»0  — 32°)  C. 
n°  C.  =%  (»°  + 3 2)  Fah. 

1°  Fah.  ==  0°55  C.  0°1  Fah.  = 0°055  C. 


Fahrenheit. 

Centigrade. 

Fahrenheit.  | 

Centigrade. 

Fahrenheit. 

Centigrade. 

+ 140 

60  00  j 

+ 99 

37-22 

+ 68 

14-44 

139 

59'44 

98 

36-67 

57 

13-89 

138 

58-89 

97 

36-11 

56 

13-33 

137 

58-33 

96 

35-55 

55 

12-78 

136 

57-78 

95 

35-00 

54 

12-22 

135 

57-22 

94 

34-44 

53 

11-67 

134 

56-67 

93 

33-89 

52 

11-11 

133 

56-11 

92 

33-33 

51 

10-55 

132 

55-55 

91 

32-78 

50 

10-00 

131 

55-00 

90 

32-22 

49 

9-44 

130 

54-44 

89 

31-67 

48 

8-89 

129 

53-89 

88 

31-11 

47 

8-33 

128 

53-33 

87 

30-55 

46 

7-78 

127 

52-78 

86 

30-00 

45 

7-22 

126 

52-22 

85 

29-44 

44 

6-67 

12.j 

51-67 

84 

28-89 

43 

611 

124 

5111 

83 

28-33 

42 

5*55 

123 

50-55 

82 

27-78 

41 

5-00 

122 

50  00 

81 

27-22 

40 

4-44 

121 

49-44 

80 

26*67 

39 

3-89 

120 

48-89 

79 

26-11 

38 

3-33 

119 

48-33 

78 

25-55 

37 

2-78 

118 

47-78 

77 

25-00 

36 

2-22 

117 

47-22 

76 

24-44 

35 

1-67 

116 

46-67 

75 

23-89 

34 

1-11 

115 

46-11 

74 

23-33 

33 

+ 0-55 

114 

45  55 

73 

22-78 

32 

o-oo 

113 

45  00 

72 

22-22 

31 

— 0-55 

112 

44-44 

71 

21-67 

30 

Ml 

111 

43-89 

70 

2111 

29 

1 67 

110 

43-33 

69 

20-55 

28 

2-22 

109 

42-78 

68 

2000 

27 

2-78 

108 

42-22 

67 

19-44 

26 

3-33 

107 

41-67 

66 

18-89 

25 

3-89 

106 

4111 

65 

18-33 

24 

4-44 

105 

40"55 

64 

17-78 

23 

5 00 

104 

40  00 

63 

17-22 

22 

5-55 

103 

39-44 

62 

16-67 

21 

611 

102 

38-89 

61 

1611 

20 

6-67 

101 

38-33 

60 

15-55 

100 

37-78 

59 

1500 
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TABLE  FOR  THE  CONVERSION  OF  FRENCH  WEIGHTS 


1 

2 

3 

4 

1. 

MEASURES 

Metres. 

English  yards  . 

1-09363 

2-18727 

3-28090 

4-37453 

„ feet  . 

3-28090 

6-56180 

9-84270 

13-12360 

„ inches 

39-37080 

78-74158 

118-11236 

157-48315 

Decimetres. 

Feet 

0-32809 

065618 

0-98427 

1-31236 

Inches  . 

3-93708 

7-87416 

11-81124 

15-74832 

Centimetres. 

Inches  . 

0-39371 

0-78742 

118112 

1-57483 

Millimetres. 

Inches  . 

0-03937 

0-07874 

0-11811 

0-15748 

2. 

MEASURES 

Litres. 

English  cubic  inches 

61-02711 

122-05422 

183-08133 

244-10844 

„ cubic  feet  . 

0-035317 

0-070633 

0 105950 

0141266 

„ imp.  gallons 

0-22017 

0-44033 

0-66050 

0-88066 

„ „ quarts 

0-88066 

1-76133 

2-64199 

3-52266 

„ „ pints  . 

1-76133 

2-52266 

5-28399 

7-04531 

Cubic  centimetres. 

Cubic  inches  . 

0 06103 

0-12205 

0-18308 

0-24411 

Kilogrammes. 

3 

Cwts 

0 01970 

003939 

0-05909 

0 07879 

lbs.  (avoirdupois)  . 

2-20486 

4-40971 

6-61457 

8-81943 

Kilogrammes. 

lbs.  (troy)  . 

2-67951 

5-35903 

8-03854 

10-71805 

Grammes. 

Grains  . 

15-44242 

30-88484 

46-32726 

61-76968 

Decigrammes. 

Grains  . 

1-54424 

3-08848 

4-63273 

6-17697 

Centigrammes. 

Grains 

0 15442 

0-30885 

0-46327 

0-61770 

1 Milligrammes. 

Grains  . 

1 

0 01544 

0 03089 

004633 

0-06177 
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V. 

AND  MEASURES  INTO  ENGLISH  WEIGHTS  AND  MEASURES. 


5 

6 

7 

8 

9 

OF  LENGTH. 

5-46816 

16-40450 

196-85394 

6"56180 

19-68539 

236-22473 

7-65543 

22-96629 

275-59552 

8-74906 

26-24719 

314-96630 

1 

9-84270 
29-52809 
354  33709 

1-64045 

19-68539 

1-96854 

23-62247 

2-29663 

27-55955 

2-62472 

31-49663 

2-95281 

35-43371 

1-96854 

2-36225 

2-75596 

3-14966 

354337 

0-19685 

0-23623 

0-27560 

0-31497 

0-35434 

OF  CAPACITY. 

305-13555 

0- 176583 

1- 10083 
4-40332 
8-80664 

366-16266 

0- 211900 

1- 32100 
5-28398 

10-56797 

427-18977 

0- 247216 

1- 54116 
6 16465 

12-32930 

488-21688 

0- 282532 

1- 76133 
7 04531 

14-09062 

549-24399 

0- 317849 

1- 98149 
7-92598 

15  85195 

0-30514 

0-36616 

0-42719 

0-48822 

0-54924 

WEIGHTS. 

0-09848 

11-02428 

0-11818 

13-22914 

0 13788 
15-43400 

0-15758 

17-63886 

0 17727 
19-84371 

13-39757 

16-07708 

18-75659 

21-43610 

24-11562 

77  21210 

92-65352 

108-09694 

123-53936 

138*98178 

7-72121 

9-26535 

10-80969 

12-35394 

13-89818 

0-77212 

0-92654 

1-08097 

1-23539 

1-38982 

0 07721 

009265 

0-10810 

0 12354 

0-13898 
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TABLE  VI. 


TABLE  •FOR  THE  CONVERSION  OF  THE  MILLIMETRE  BAROMETER 
SCALE  INTO  THE  SCALE  OF  ENGLISH  INCHES. 


I Millimetres. 

Inches. 

Millimetres. 

Inches. 

| Millimetres. 

Inches. 

700 

27-560 

730 

28-741 

760 

29-922 

701 

27-590 

731 

28-780 

761 

29-961 

702 

27-638 

732 

28-819 

762 

30  000 

703 

27  678 

733 

28-859 

763 

30-040 

704 

27-717 

734 

28-898 

764 

30  079 

705 

27-756 

735 

28-938 

765 

30-119 

706 

27-795 

736 

28-977 

766 

30-158 

707 

27  835 

737 

29-016 

767 

30-197 

708 

27-876 

738 

29-056 

768 

30-237 

709 

27-914 

739 

29-059 

769 

30-276  j 

710 

27-953 

740 

29-134 

770 

30-315 

711 

27-992 

741 

29-174 

771 

30-355 

712 

28-032 

742 

29-213 

772 

30-384 

713 

28-071 

743 

29-252 

773 

30-434 

714 

28-111 

744 

29-292 

774 

30-473 

715 

28-150 

745 

29-331 

775 

30  512 

716 

28-189 

746 

29-371 

776 

30-552 

717 

28-229 

747 

29-410 

777 

30-591 

718 

28-268 

748 

29-449 

778 

30-631 

719 

28-308 

749 

29-489 

779 

30-670 

720 

28-347 

750 

29-528 

780 

30-709  j 

721 

28-386 

751 

29-567 

781 

30-749 

722 

28-426 

752 

29-607 

782 

30-788 

723 

28-465 

753 

29-646 

783 

30-827 

724 

28-504 

754 

29-685 

784 

30-867 

725 

28-543 

755 

29-725 

785 

30-906 

726 

28-583 

756 

29-764 

786 

30  945 

727 

28-622 

757 

29-804 

787 

30-985 

728 

28-661 

758 

29-843 

788 

31-024 

729 

28-701 

759 

29-882 

789 

31063 

28  inches  = 711-187  millimetres. 

29  „ = 736-587 

30  „ = 761-986 

31  „ = 787-386 


1 millimetre  = 0-03937  inch 
0-1  „ = 0-00394  „ 

0-01  , = 0-00039  „ 


1 incli  = 25-39954  millimetres. 
| 01  „ = 2-53995 

I 0-01  „ = 0-25100 

I 0-001  „ = 0-02540 


INDEX 


Abscesses,  pus  in  urine  from,  259 
Acetone,  314 

in  diabetic  urine,  ib. 
mode  of  obtaining,  ib. 
Petter’s  observation  of,  315 
properties  of,  314 
Acid,  anisic,  392 

anthranilic,  337 
benzoglycolic,  337 
benzoic,  145,  148 
camphoric,  391 
carbolic,  339 
carbonic,  226 
cholalic,  273 
cholic,  272 
cholinic,  273 
choloidinic,  272 
cholonic,  ib. 
cinnamic, 
citric,  387 
cuminic,  392 
damaluric,  343 
free,  of  urine,  192 
gallic,  232,  388 
glucic,  305 
glvcocholic,  272 
hippuric,  139 
lactic,  373 
malic,  381 
melassie,  305 
oxalic,  345 
phenylic,  339 
phosphoric,  179 
salicylic,  390 
salicyluric,  ib. 
succinic,  381 
sulphuric,  169 
tannic,  388 


Acid,  tartaric,  382 

taurocholic,  273 
toluric,  389 
toluylic,  ib. 
uric,  77 

Acidity  of  urine,  9 
Addenda,  411 

Age,  influence  of,  on  reaction  of 
urine,  12 
Albumen,  247 

characters,  ib. 
composition,  ib. 
in  urine,  diagnosis,  250 

pathological  indi- 
cations, 253 
quantity,  252 
in  chylous  urine,  240 
Albuminuria,  253 
Alkaline  urine,  9 

causes,  9,  211 
from  ammonia  formed 
after  discharge,  9 
from  decomposition  of 
urea  before  emis- 
sion, 10 
causes,  12 

experiments  of  Dr. 
Snow,  11 

inflammationof  bladder 
produced  by,  13 
therapeutic  indications, 
15 

from  fixed  alkalies,  14 

Allantoine,  298 

literature,  ib. 
mode  of  obtaining,  299 
pathological  indications, 
301 
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Allantoine,  properties,  300 
Ammonaemia,  75 
Ammonia,  9,  218 

analysis,  volumetrical,  220 
chemical  properties,  ib. 
demonstration  of  presence 
in  urine,  ib. 

formed  after  emission  of 
urine,  9 

formed  in  bladder  under  dis- 
eased conditions,  11 
pathological  indications,  12, 
224 

phosphates  of,  and  magnesia. 

See  Phosphate, 
physiological  origin,  223 
quantity  discharged  in 
health,  223 
urate  of,  88 
Antimony  in  urine,  405 

Reinscli’s  test  for,  ib. 
diagnosis  from  arsenic,  406 
Arsenic  in  urine,  405 

Reinsch’s  test  for,  ib. 
diagnosis  from  antimony,  ib. 

Benzamide,  145 
Bile,  271 

acids,  275 

colouring  matters,  275 
composition,  271 
in  urine,  5,  276 
pathological  indications,  277 
Bilifulvine,  276 
Biliverdine,  275 
Bladder,  cancer  of,  265 

causing  haematuria, 
262 

conditions  of,  producing  alka- 
line urine,  12 

conditions  of  producing  hae- 
maturia, 232 

conditions  of,  producing 
purulent  urine,  258 
inflammation  of,  by  alkaline 
urine,  13 

Blood  in  urine,  227 
casts,  231 

chemical  diagnosis,  230 
coagula,  238 
corpuscles,  227 

microscopical  appearance  and 
reactions,  228 

pathological  indications, 227, 230 
urea  in,  43,  75 

Calculi,  alternating,  114 

ammonio  - magnesian  phos- 
phate, 207 
cystine,  295 


Calculi,  fusible,  209 

hajmorrhage  from,  231,  232 
mixed, 1 14 
mulberry,  370 
oxalate  of  lime,  ib. 
phosphate  of  lime,  207 
phosphates,  earthy,  ib. 
pisiform,  110 
urates,  113 
uric  acid,  111 
uric  oxvde,  287 
xanthic  oxyde,  ib. 
xanthine,  ib. 

| Cancer  of  bladder,  265 
of  kidneys,  ib. 

I Cancerous  matter  in  urine,  ib. 

Carnine.  See  Sareine  or  Sarkine 
Casts  of  uriniferous  tubules, 
epithelial,  243 
fatty,  244 
granular,  243 
hyaloid,  242 
intra-tubular,  ib. 
large,  244 
small,  242 
waxy,  242 

Chloride  of  sodium,  154 

chemical  properties, 
155 

crystallography,  ib. 
detection  in  urine 
ib. 

occurrence,  ib. 
Chlorine  in  urine,  153 
analysis,  155 

quantity  discharged  in  health, 
161  ' 

quantity  discharged  in  dis- 
ease, 165 

Cholera,  urine  in,  367 
Chylous  urine,  238 

albumen  in,  240 
fat  in,  ib. 
fibrine  in,  239 
microscopical  appear- 
ances, ib. 

pathological  indications, 
244 

Clearness  of  urine,  1 
Collection  of  urine,  18 
Colouring  matter  of  bile,  275 

in  urine,  5,  276 
of  urine,  normal,  2,  131 

abnormal,  4,  234, 
276,  321,  326, 
338 

Composition  of  urine  of  twenty-four 
hours — table,  416 
Copper  in  urine,  408 

test  for  sugar,  306-7 
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Creatine,  115 

chemical  properties,  118 
composition,  115 
decompositions,  118 
history,  115 

modes  of  obtaining,  116 
occurrence,  115 
physical  properties,  117 
physiology,  119 

Creatine,  quantity  in  twentv-four  hours, 
120,  ’124 

tables  of,  130 

Creatinine,  121 

chemical  properties,  124 
composition,  121 
compounds,  124 
crystallization,  123 
mode  of  obtaining  from 
creatine,  126 

mode  of  obtaining  from 
putrid  urine,  122 
mode  of  obtaining  from 
urine,  121 
occurrence,  ib. 
quantity  in  twenty-four 
hours,  126 
tables  of,  130 

Cvanourine,  326 

Cystine,  295 

literature,  ib. 
occurrence,  ib. 
properties,  296 

Cystitis,  13 

Cysts  of  Echinococci,  267 

Diabetes  insipidus,  41 
mellitus,  312 

acetone  in  urine  of, 
314 

Earths,  phosphates  of.  See  Phosphate. 

Echinococcus  hominis  in  urine,  267 
cases,  268 
cysts,  267 
symptoms,  268 

Fat  in  urine,  263 
forms  of,  ib. 
in  chylous  urine,  240 
pathological  indications,  264 

Fermentation,  306 

lactic  acid,  307 
vinous,  306 
viscous,  307 

Fever,  urine  in,  74 

deposit  of  uric  acid  in,  101 

Fibrine,  238 

from  blood,  in  urine,  228 
in  chylous  urine,  239 

Fibrinous  casts,  241 


Fibrinous  casts,  pathological  indica- 
tions, 245 

Food,  influence  on  reaction  of  urine, 
211 

on  urea,  73 

Free  acid  of  urine,  192 

analysis,  volumetric,  ib. 
quantity  in  health,  193 
in  disease,  194 

Glucose,  303 
Glucosides,  ib. 

Glycocoll,  272 

Grape  sugar.  See  Sugar,  302 

volumetric  analysis  for,  303 
Gravel,  uric  acid,  109 

oxalate  of  lime,  370 
Gravimeter,  34 
Guanine,  294 

Haematine,  234 
Haemato-globuline,  234 

distinction  from  dis- 
solved blood,  ib. 
observations,  235 
pathological  indica- 
tions, 237 

Haematuria,  235 
Haemorrhoids  of  bladder,  232 
Haemorrhage  from  bladder,  232 
from  kidneys,  230 
Halopbile,  132 
Hempseed  calculi,  370 
Herbivora,  urine  of,  140 
Hippurate  of  baryta,  146 
iron,  147 
lead,  ib. 
lime,  146. 

Hippuric  acid,  139 

chemical  properties,  143 
composition,  139 
compounds,  145 
decompositions,  143 
deposits,  147 
history  andliterature,  139 
means  of  procuring,  142 
occurrence,  140,  148 
pathological,  141,  151 
physical  properties,  143 
physiology,  148 
quantity,  ib. 
salts,  146 

Indican,  328 

decompositions,  329 
identity  with  uroxanthine, 
327 

occurrence,  ib. 
physiology,  337 
Indigo  blue,  history,  326 
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Indigo  blue,  identity  with  uroglaucine, 
332 

metamorphoses,  336 
modes  of  obtaining,  329 
glue,  329 
red,  history,  326 

identity  with  urrhodine,  332 
mode  of  obtaining,  329 
white,  330,  336 
Inosite,  313,  318 

mode  of  obtaining,  ib. 
properties,  319 
Iodine  in  urine,  401 

analysis  of,  volumetrical,  401 
Iron,  214 

analysis  of,  215 
physiology  of,  216 
Isatine,  336 

Kidneys,  cancer  of,  265 

diseases  of,  indicated  by  albu- 
minous urine,  253 
diseases  of,  indicated  by 
blood  in  urine,  230 
diseases  of,  indicated  by  fibri- 
nous casts,  245 
diseases  of,  indicated  by  pus 
in  urine,  258 
tubercle  of,  265 

Lactates,  377 
Lactic  acid,  373 

analysis,  in  urine,  375 
compounds,  377 
mode  of  obtaining,  373 
occurrence,  ib. 
pathological  indications, 
378 

properties,  376 

Lactide,  376 
Lead  in  urine,  406 
Leucine,  279 

analysis,  285 
compounds,  284 
history  and  occurrence,  279 
production,  280 

from  urine,  285 
properties,  283 
Lime,  198 

analysis,  199 
carbonate,  213 

oxalate.  See  Oxalate  of  Lime, 
physiological  quantity,  209 
phosphate.  See  Phosphate  of 
Lime. 

table  of  quantity  discharged  in 
twenty-four  hours,  210 

Magnesia,  198 

analysis,  199 


Magnesia,  phosphate.  See  Phosphate 
of  Magnesia. 

physiological  quantity,  209 
table  of  quantity  in  twenty- 
four  hours,  210 
Mercury  in  urine,  408 
Mucus,  1,  260 

characters,  260 
excess,  261 

pathological  indications  of,  ib. 
physiological  quantity,  ib. 
Murexide,  82 
Muscle,  creatine  in,  115 
creatinine  in,  121 
lactic  acid  in,  374 
sarkine  in,  291 

Odour  of  urine,  8 
Oil  in  urine,  264 
Oxalate  of  lime,  347 

calculi,  370 
concretions,  ib. 
characters  of,  371 
statistics,  372 
crystallization,  348 
pathological  indica- 
tions of,  in  urine, 
367 

polarisation,  361 
preparation  of,  for 
microscope,  353 

Oxalic  acid,  345 

analysis,  in  urine,  362 
compounds,  347 
decomposition,  ib. 
history  and  occurrence, 
345 

mode  of  obtaining,  346 
pathological  indications, 
362 

properties,  346 

Oxaluria,  case  of  so-called,  358 
Oxyde,  uric,  287 

xanthic,  ib. 

Phosphate  of  lime,  180,  198 

analysis,  199 
calculi,  208 
deposits,  205 
pathological  indi- 
cations, 210 
of  magnesia,  180,  198 
ammonio-,  180 
calculi,  207 
deposits,  206 
pathological  indi- 
cations, 210 
of  soda,  180 

Phosphates,  alkaline,  180 

earthy,  180,  198 
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Phosphates,  calculi,  207 
deposits,  203 

pathological  indi- 
cations, 210 
physiological  quan  - 
tities,  209 
mixed,  180 
Phosphoric  acid,  179 

analysis,  volumetrical 
(Liebig’s  method), 
183 

analysisin  alkalies  and 
earths  separately, 
185 

chemical  properties, 
180 

physical  properties, 
179 

physiology,  187 
quantity  in  health,  186 
in  disease, 189 
salts,  180 

Pigments,  abnormal,  6 
Pneumonia,  urine  in,  74 
Polarisation  of  diabetic  urine,  309 
oxalate  of  lime,  361 
Potash  in  urine,  195 

analysis  of,  ib. 
physiological  relations 
of,  196 

Prostate,  enlargement  of,  12 
Purpurine,  320 

diagnosis,  322 
diseases  in  which  it  com- 
monly occurs,  324 
history,  320 
mode  of  obtaining,  321 
occurrence,  ib. 
pathology,  323 
properties,  322 

Pus,  256 

casts,  258 
globules,  256 

pathological  indications,  258 
Pycnometer,  32 

Quinidine,  393 
Quinine,  ib. 

tests  for,  ib. 

Reaction  of  urine,  8 

table  of  substances 
causing,  15 

Rheumatism,  urine  in,  324 

Saccliarimetry,  optical,  309 

volumetrical,  307 
Salts,  inorganic,  409 

organic,  in  urine,  15 
urophanic,  409 


Santonine  in  urine,  398 
Sarcina  ventriculi,  413 
Sarcine,  or  sarkine,  291,  411 
characters,  292 
compounds,  ib. 
history  and  occurrence,  291 
modes  of  obtaining,  292,  411 
Soda  in  urine,  195 
analysis,  ib. 
phosphate  of,  180 
physiological  relations,  196 
Sodium,  chloride  of,  153 
Solids  in  urine,  30 

calculation  from  speci- 
fic gravity,  35 

Specific  gravity  of  urine,  30,  32 
Spermatozoa  in  urine,  269 

detection  of,  270 
indications,  269,  270 
Stone.  See  Calculus. 

Strychnine  in  urine,  397 
Sugar,  grape,  302 

analysis,  volumetrical, 
307 

optical,  309 
combinations,  304 
decompositions,  305 
mode  of  obtaining,  302 
occurrence  in  body,  ib. 
pathological  indications 
in  urine,  312 
properties,  304 
Sulphur  in  cystine,  296 
in  taurine,  275 
Sulphuric  acid,  169 

analysis  of,  volumetri- 
cal, 170 

analysis,  direct,  171 
pathological  indica- 
tions of,  177 
physiological  origin  of, 
173 

quantity  discharged  in 
health,  172 

quantity  discharged  in 
disease,  176 

Tartaric  acid,  382 

experiments  on  appear- 
ance in  urine,  ib. 
experiments,  table  of,  386 
Tartrates,  383 
Taste  of  urine,  8 
Taurine,  274 
Test  paper,  11 

Tobacco,  ammonia  from,  224 
Trimethylamine  in  urine,  411 
Tubercular  matter  in  urine,  265 
Tubules,  uriniferous,  casts  of,  24 1 
Turbidity  of  urine,  1 
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Tyrosine,  279,  285 

history  and  occurrence,  279, 
286 

production,  280 
properties,  286 

Uraematine,  131 

determining  groups  of 
urine,  134 

modes  of  obtaining,  132 
pathological  indications, 
138 

physiology  of,  137 
properties,  131 
quantity  in  disease,  138 
table,  showing  amount  in 
urine  of  differentcolours, 
133 

Uraemia,  11 
Urate  of  ammonia,  88 
lime,  91 
soda,  90 

Urates,  calculi  of,  113 

with  layers  of  uric  acid, 
114  ' 
deposits  of,  96 

after  emission,  99 
in  urinary  organs,  101 
differential  diagnosis  of,  91 
Urea,  43 

analysis  quantitative,  52 

Bunsen’s  method,  67 
Davy’s  method,  69 
Liebig’s  method,  ib. 

modifications  in,  61 
other  methods  referred 
to,  72 

artificial  preparation,  45 
combinations  of,  47 

with  chloride  of  sodium, 
48 

nitrate  of  mercurv, 
50 

nitric  acid,  48 
oxalic  acid,  49 
protoxideof  mercurv, 
48 

composition,  43 
crystallization,  45 
decompositions,  46,  69 
definition,  43 
detection,  51 
diminution,  75 
excess,  74 
history,  44 

occurrence  in  blood  and  tissues, 
43 

physical  properties,  45 
quantity  in  health,  73 
in  disease,  74 


Urea,  retention  of  in  blood,  75 
Urerythrine.  See  Purpurine. 

Uric  acid,  77 

amount  of,  in  health,  93 
in  disease,  95 
analogues  of,  82 
analysis,  83 

volumetrical,  85 
calculi  of,  111 

alternating  with 
urates,  114 
composition,  77 
concretions,  111 

chemical  cha- 
racters of,  112 
crystallography,  80 
deposits,  96 

after  emission,  104 
in  urinary  organs, 
105 

gravel,  109 
history,  77 
metamorphoses,  81 
methods  of  procuring  pure, 
78 

occurrence, ib. 
physical  properties,  79 
salts,  87 

sediments,  crystalline,  109 
crystallized,  107 
Urinal  for  hospitals,  18 
Urine,  acetone  in,  314 
acidity  of,  8 
albumen  in,  250 
alkaline,  9 
allantoine  in,  298 
ammonia  in,  10,  218 
bile  in,  5,  276 
blood  in,  227 
cancerous  matter  in,  265 
carbolic  acid  in,  338 
carbonic  acid  in,  226 
changes  on  cooling,  16 
chemical  reaction,  8 

table  of  substances  causing, 
15 

chloride  of  sodium  in,  154 
chlorine  discharged  in,  161 
chylous,  238 

clearness  and  turbidity  of,  1 
collection  of,  17 
colour  of,  1,  131,  321,  327 
groups  of,  134 
constituents  of,  416 
creatine  and  creatinine  in, 
120,  126 
cystine  in,  296 
damaluric  acid  in,  343 
echinococci  in,  267 
fat  in,  263 
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Urine,  fibrine  in,  338 

fibrinous  casts  in,  241 
free  acid  in,  192 
haematine  in,  5,  234 
hippuric  acid  in,  139 
hypoxanthine  in,  289 
incineration  of,  153 
indican  in,  327 
inorganic  substances  in,  401 
iron  in,  214 
lactic  acid  in,  373,  378 
leucine  in,  280 
lime  in,  198 
magnesia  in,  ib. 
mucus  in,  1,  260 
odour  of,  8 
organic  acids  in,  380 
bases  in,  393 
oxalates  in,  348,  367 
oxalic  acid  in,  346,  362 
phenylic  acid  in,  338 
phosphatic,  180,  198 
phosphoric  acid  in,  179 
physical  characters  of,  1 
potash  in,  195 
purpurine  in,  321 
pus  in,  256 
quantity  in  health,  21 

in  given  times,  20,  24 
in  diseases,  27 
sarkine  in,  291 
soda  in,  195 


Urine,  solids  of,  30 

specific  gravity,  31 
spermatozoa  in,  269 
sugar  in,  302,  312 
sulphuric  acid  in,  169 
taste  of,  8 

tubercular  matter  in,  265 
tyrosine  in,  210 
ursematine  in,  131 
urerythriue  in,  321 
uroglaucine  in,  327 
uroxanthine  in,  327 
urrhodine  in,  326 
Urogravimeter,  34 
Uroglaucine,  5,  331 
Urophanic  organic  acids,  380 
bases,  393 

inorganic  bodies,  401 
Urostealith,  414 
Uroxanthine,  4,  326 
Urrhodine,  5,  326 
Vegetable  acids,  15 

Water  of  urine,  30 

Weight  of  urine  of  different  densities, 
36 

Xanthic  oxyde,  287 
Xanthine,  ib. 

calculi,  ib. 

mode  of  obtaining,  ib. 
properties,  288 
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Engravings,  Third  Edition.  8vo.  cloth,  6s. 

MR.  HARRISON,  F.R.C.S. 

THE  PATHOLOGY  AND  TREATMENT  OF  STRICTURE  OF 

THE  URETHRA.  8vo.  cloth,  5s. 

MR.  JAMES  B,  HARRISON,  F.R.C.S. 

ON  THE  CONTAMINATION  OF  WATER  BY  THE  POISON 

OF  LEAD,  and  its  Effects  on  the  Human  Body.  Foolscap  8vo.  cloth,  3s.  6d. 

DR.  HARTWIG. 


ON  SEA  BATHING  AND  SEA  AIR.  reap.  8vo.,  2a.  6 d. 
ON  THE  PHYSICAL  EDUCATION  OF  CHILDREN. 

8vo.,  2s.  6o l. 


Fcap. 


MR.  ALFRED  HAVILAND,  M.R.C.S. 

CLIMATE,  WEATHER,  AND  DISEASE ; being  a Sketch  of  the 

Opinions  of  the  most  celebrated  Ancient  and  Modem  Writers  with  regard  to  the  Influence 
of  Climate  and  Weather  in  producing  Disease.  With  Four  coloured  Engravings.  8vo. 
cloth,  7s. 
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DR.  A H.  HASSALI 

THE  MICROSCOPIC  ANATOMY  OF  THE  HUMAN  BODY, 

IN  HEALTH  AND  DISEASE.  Illustrated  with  Several  Hundred  Drawings  in 
Colour.  Two  vols.  8vo.  cloth,  £1.  10s. 


ON  THE  ACTION  oU' MEDICINES  IN  THE  SYSTEM. 

Being  the  Prize  Essay  to  which  the  Medical  Society  of  London  awarded  the  Fother- 
gillian  Gold  Medal  for  1 852.  Second  Edition.  8 vo.  cloth,  10s. 


MR.  HIGGINBOTTOM,  F.R.S.,  F.R.C.S. 

AN  ESSAY  ON  THE  USE  OF  THE  NITRATE  OF  SILYER 

IN  THE  CURE  OF  INFLAMMATION,  WOUNDS,  AND  ULCERS.  Second 
Edition.  Price  5s. 

ADDITIONAL  OBSERVATIONS* ON  THE  NITRATE  OF  SIL- 

VER; with  full  Directions  for  its  Use  as  a Therapeutic  Agent.  8vo.,  2s.  6d. 


MR.  JOHN  HILTON,  F.R.S. 

ON  TnE  DEVELOPMENT  AND  DESIGN  OF  CERTAIN  P0R- 

TIONS  OF  THE  CRANIUM.  Illustrated  with  Plates  in  Lithography.  8vo.  cloth,  6s. 


THE  HARMONIES  OF  PHYSICAL  SCIENCE  IN  RELATION 

TO  THE  HIGHER  SENTIMENTS;  with  Observations  on  Medical  Studies,  and  on 
the  Moral  and  Scientific  Relations  of  Medical  Life.  Post  8vo.,  cloth,  5s. 
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DR.  DECIMUS  HODGSON. 

THE  PROSTATE  GLAND,  AND  ITS  ENLARGEMENT  IN 

OLD  AGE.  With  12  Plates.  Royal  8vo.,  cloth,  6s. 


MR.  JABEZ  HOGG. 

THE  OPHTHALMOSCOPE:  an  Essay  on  its  value  in  the  Exploration 

of  Internal  Eye  Diseases.  Cloth,  3s.  6 d. 


MR.  LUTHER  HOLDEN,  F R.C.S. 

HUMAN  OSTEOLOGY  : with  Plates,  showing  the  Attachments  of  the 

Muscles.  Second  Edition.  8vo.  cloth,  16s. 


DR.  G.  CALVERT  HOLLAND. 

TnE  CONSTITUTION  OF  THE  ANIMAL  CREATION,  expressed 

in  Structural  Appendages,  as  Hair,  Horns,  Tusks,  and  Fat.  8vo.  cloth,  10s.  6d. 


MR.  C.  HOLTHOUSE. 


I. 


O 


ON  SQUINTING,  PARALYTIC  AFFECTIONS  OF  THE  EYE 

and  CERTAIN  FORMS  OF  IMPAIRED  VISION.  Fcap.  8m  cloth,  is.  6d. 


II. 


LECTURES  ON  STRABISMUS,  delivered  at  the  Westminster  Hospital. 

8vo.  cloth,  4s. 
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DR.  W.  CHARLES  HOOD. 

SUGGESTIONS  FOE  THE  FUTURE  PEOYISION  OF  CRIMI- 

NAL LUNATICS.  8vo.  cloth,  5s.  6 d. 


MR.  P.  HOOD. 

THE  SUCCESSFUL  TREATMENT  OE  SCARLET  EEYER ; 

also,  OBSERVATIONS  ON  THE  PATHOLOGY  AND  TREATMENT  OF 
CROWING  INSPIRATIONS  OF  INFANTS.  Post  8vo.  cloth,  5s. 
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DR.  HOOPER. 

THE  MEDICAL  DICTIONARY;  containing  an  Explanation  of  the 

Terms  used  in  Medicine  and  the  Collateral  Sciences.  Eighth  Edition.  Edited  by 
Klein  Grant,  M.D.  8vo.  cloth,  30s. 

MR.  JOHN  HORSLEY. 

A CATECHISM  OF  CHEMICAL  PHILOSOPHY ; being  a Familiar 

Exposition  of  the  Principles  of  Chemistry  and  Physics.  With  Engravings  on  Wood. 
Designed  for  the  Use  of  Schools  and  Private  Teachers.  Post  8vo.  cloth,  6s.  6d. 

DR.  HUFELAND. 

THE  ART  OF  PROLONGING  LIFE.  A New  Edition.  Edited  ^ 

by  Erasmus  Wilson,  F.R.S.  Foolscap  8vo.,  2s.  6d. 


MR.  W.  CURTIS  HUGMAN,  F.R.C.S. 

ON  HIP- JOINT  DISEASE;  with  reference  especially  to  Treatment 

by  Mechanical  Means  for  the  Relief  of  Contraction  and  Deformity  of  the  Affected  Limb. 
8vo.  cloth,  3s.  6d. 

DR.  HENRY  HUNT. 

ON  HEARTBURN  AND  INDIGESTION,  s™.  doth,  5*. 
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MR.  T.  HUNT. 

DISEASES  OE  IITE  SIaIN  ! a Guide  for  their  Treatment  and  Prc 

vention.  Second  Edition.  Fcap.  8vo.,  2s.  6d. 


DR.  INMAN. 

THE  PHENOMENA  OE  SPINAL  IRRITATION  AND  OTHER 

FUNCTIONAL  DISEASES  OF  THE  NERVOUS  SYSTEM  EXPLAINED, 
and  a Rational  Plan  of  Treatment  deduced.  With  Plates.  8vo.  cloth,  6s. 
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DR.  ARTHUR  JACOB,  F.R.C.S. 

A TREATISE  ON  THE  INFLAMMATIONS  OF  THE  EYE-BALL. 

Foolscap  8 vo.  cloth,  5s. 
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DR.  JAMES  JAGO,  A.B.,  CANTAB.;  M.B.,  OXON. 

4 OCULAR  SPECTRES  AND  STRUCTURES  AS  MUTUAL  EXPO- 

W NENTS.  Illustrated  with  Engravings  on  Wood.  8vo.  cloth,  5s. 
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DR.  HANDFIELD  JONES,  F.R.S.,  Sc  DR.  EDWARD  H.  SIEVEKING. 

A MANUAL  OF  PATHOLOGICAL  ANATOMY,  illustrated  with 

numerous  Engravings  on  Wood.  Foolscap  8vo.  cloth,  12s.  6d. 

MR.  WHARTON  JONES,  F.R.S. 

A MANUAL  OF  THE  PRINCIPLES  AND  PRACTICE  OF 

OPHTHALMIC  MEDICINE  AND  SURGERY;  illustrated  with  Engravings,  plain 
and  coloured.  Second  Edition.  Foolscap  8vo.  cloth,  12s.  6d. 

THE  WISDOM  AND  BENEFICENCE  OF  THE  ALMIGHTY, 

AS  DISPLAYED  IN  THE  SENSE  OF  VISION;  being  the  Actonian  Prize  Essay 
for  1851.  With  Illustrations  on  Steel  and  Wood.  Foolscap  8vo.  cloth,  4s.  6 d. 

ill. 

DEFECTS  OF  SIGnT  : their  Nature,  Causes,  Prevention,  and  General 

Management.  Fcap.  8vo.  2s.  6<i. 

IV. 

A CATECHISM  OF  THE  MEDICINE  AND  SURGERY  OF 

THE  EYE  AND  EAR.  For  the  Clinical  Use  of  Hospital  Students.  Fcap.  8vo.  2s.  Gd. 

A CATECHISM  OF  TIIE  PHYSIOLOGY  AND  PHILOSOPHY 

OF  BODY,  SENSE,  AND  MIND.  For  Use  in  Schools  and  Colleges.  Fcap.  8vo., 
2s.  6d. 
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DR.  BENCE  JONES,  F.R.S. 

I. 


MULDER  ON  WINE.  Foolscap  8vo.  cloth,  6s. 


ii. 


ON  ANIMAL  CHEMISTRY,  in  its  relation  to  STOMACH  and  PENAL 

DISEASES.  8vo.  cloth,  6s. 

MR.  JUDD. 

A PRACTICAL  TREATISE  ON  URETHRITIS  AND  SYPHI- 

LIS  : including  Observations  on  the  Power  of  the  Menstruous  Fluid,  and  of  the  Dis- 
charge from  Leucorrhcea  and  Sores  to  produce  Urethritis:  with  a variety  of  Examples, 
Experiments,  Remedies,  and  Cures.  8vo.  cloth,  £\.  5s. 

MR.  KNAGGS. 

UNSOUNDNESS  OF  MIND  CONSIDERED  IN  RELATION  TO 

THE  QUESTION  OP  RESPONSIBILITY  IN  CRIMINAL  CASES.  8vo.  cloth, 
4s.  6d. 


DR.  LAENNEC. 

A MANUAL  OF  AUSCULTATION  AND  PERCUSSION.  Trans- 

lated  and  Edited  by  J.  B.  Sharpe,  M.R.C.S.  3s. 

DR.  HUNTER  LANE,  F.L.S. 

f A COMPENDIUM  OF  MATERIA  MEDIC  A AND  PHARMACY;  ? 

k adapted  to  the  London  Pharmacopoeia,  1851,  embodying  all  the  new  French,  American,  l 

V and  Indian  Medicines,  and  also  comprising  a Summary  of  Practical  Toxicology.  Second 

Edition.  24mo.  cloth,  5s.  Gd. 
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DR.  LANE,  M.A. 

HYDROPATHY ; OR,  THE  NATURAL  SYSTEM  OF  MEDICAL 

TREATMENT.  An  Explanatory  Essay.  Post  8vo.  cloth,  3s.  6d. 


MR.  LAURENCE,  M.B.,  F.R.C.S. 

THE  DIAGNOSIS  OF  SURGICAL  CANCER. 


The  Liston  Prize 


Essay  for  1854.  Second  Edition.  Plates,  3vo.  cloth,  7s.  6d. 
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MR.  LAWRENCE,  F.R.S. 

A TREATISE  ON  RUPTURES.  The  Fifth  Edition,  considerably 

enlarged.  8vo.  cloth,  16s. 


WWWVIVC\^WV»VAW< 


DR.  EDWIN  LEE. 

THE  EEEECT  OE  CLIMATE  ON  TUBERCULOUS  DISEASE, 

with  Notices  of  the  chief  Foreign  Places  of  Winter  Resort.  Small  8vo.  cloth,  6s. 

THE  WATERING  PLACES  OF  ENGLAND,  CONSIDERED 

with  Reference  to  their  Medical  Topography.  Third  Edition.  Foolscap  8vo.  cloth. 
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5s.  6 d. 


hi. 


THE  BATHS  OF  GERMANY,  FRANCE,  & SWITZERLAND. 

Third  Edition.  Post  8vo.  cloth,  8s.  6d. 

IV. 

THE  BATHS  OF  RHENISH  GERMANY.  Post  8vo.  cloth,  4*. 
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MR.  HENRY  LEE,  F.R.C.S. 

PATHOLOGICAL  AND  SURGICAL  OBSERVATIONS;  including 

an  Essay  on  the  Surgical  Treatment  of  Hemorrhoidal  Tumors.  8vo.  cloth,  7s.  6d. 


DR.  ROBERT  LEE,  F.R.S. 


A TREATISE  ON  THE  SPECULUM;  with  Three  Hundred  Cases. 

8vo.  cloth,  4s.  (id. 


n. 


CLINICAL  REPORTS  OF  OVARIAN  AND  UTERINE  DIS- 

EASES,  with  Commentaries.  Foolscap  8vo.  cloth,  6s.  6d. 


iii. 


CLINICAL  MIDWIFERY  : comprising  the  Histories  of  545  Cases  of 

Difficult,  Preternatural,  and  Complicated  Labour,  with  Commentaries.  Second  Edition. 
Foolscap  8vo.  cloth,  5s. 

IV. 

PRACTICAL  OBSERVATIONS  ON  DISEASES  OF  THE 

UTERUS.  With  coloured  Plates.  Two  Parts.  Imperial  4to.,  7s.  6 d.  each  Part. 


WWVWWWVWWW  <\wv 


? 


MR.  LISTON,  F.R.S. 

PRACTICAL  SURGERY.  Fourth  Edition.  Svo.  cloth,  22s. 
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MR.  H.  W.  LOBB,  L.S.A.,  M.R.C.S.E. 

ON  SOME  OF  THE  MORE  OBSCURE  FORMS  OF  NERVOUS 

AFFECTIONS,  THEIR  PATHOLOGY  AND  TREATMENT.  With  an 
Introduction  on  the  Physiology  of  Digestion  and  Assimilation,  and  the  Generation  and 
Distribution  of  Nerve  Force.  Based  upon  Original  Microscopical  Observations.  With 
Engravings.  8vo.  cloth,  10s.  6d. 

LONDON  MEDICAL  SOCIETY  OF  OBSERVATION. 

WHAT  TO  OBSERVE  AT  THE  BED-SIDE,  AND  AFTER 

DEATH.  Published  by  Authority.  Second  Edition.  Foolscap  8vo.  cloth,  4s.  (id. 

M.  LUGOL. 

ON  SCROFULOUS  DISEASES.  Translated  from  the  French,  with 

Additions  by  W.  H.  Ranking,  M.D.,  Physician  to  the  Suffolk  General  Hospital. 
8 vo.  cloth,  l Os.  Oaf. 

DR.  GEORGE  H.  B.  MACLEOD,  F.R.C.S.  (EDIN.) 

NOTES  ON  THE  SURGERY  OF  THE  CRIMEAN  WAR;  with 

REMARKS  on  GUN-SHOT  WOUNDS.  8vo.  cloth,  10s.  6d. 

MR.  JOSEPH  MACLISE,  F.R.C.S. 

I. 

SURGICAL  ANATOML . A Series  of  Dissections,  illustrating  the  Prin- 

cipal Regions  of  the  Human  Body. 

The  Second  Edition,  complete  in  XIII.  Fasciculi.  Imperial  folio,  5s.  each;  bound  in 
cloth,  £3.  12s.;  or  bound  in  morocco,  £4.  4s. 

II. 

ON  DISLOCATIONS  AND  FRACTURES.  This  Work  will  be  Uni- 
form with  the  Author’s  “ Surgical  Anatomy ; ” each  Fasciculus  will  contain  Four  beautifully 
executed  Lithographic  Drawings,  and  be  completed  in  Nine  Numbers.  Fasciculus  I., 
imperial  folio,  5s. 
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DR.  M A Y N E . 

AN  EXPOSITORY  LEXICON  OF  THE  TERMS,  ANCIENT 

AND  MODERN,  IN  MEDICAL  AND  GENERAL  SCIENCE,  including  a com- 
plete MEDICAL  AND  MEDICO-LEGAL  VOCABULARY,  and  presenting  the 
correct  Pronunciation,  Derivation,  Definition,  and  Explanation  of  the  Names,  Analogues, 
Synonymes,  and  Phrases  (in  English,  Latin,  Greek,  French,  and  German,)  employed  in 
Science  and  connected  with  Medicine.  Parts  I.  to  VI.,  price  5s.  each. 
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DR.  WM.  H.  MADDEN. 

THOUGHTS  ON  PULMONARY  CONSUMPTION;  with <m Appen- 

dix  on  the  Climate  of  Torquay.  Post  8vo.  cloth,  5s. 

DR.  MARCET. 

ON  THE  COMPOSITION  OF  FOOD,  AND  HOW  IT  IS 

ADULTERATED  ; with  Practical  Directions  for  its  Analysis.  8vo.  cloth,  6s.  6 d. 

DR.  MARTIN. 

THE  UNDERCLIFF,  ISLE  OF  MIGHT;  its  Climate,  History,  A 

and  Natural  Productions.  Post  8 vo.  cloth,  10s.  (id.  J SSg 
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DR.  MARKHAM. 

I. 


DISEASES  OF  THE  HEART : THEIR  PATHOLOGY,  BIAG- 

NOSIS,  AND  TREATMENT.  Post.  8vo.  cloth,  6s. 


ii. 


SKODA  ON  AUSCULTATION  AND  PERCUSSION.  Post  8vo. 

cloth,  6s. 


MR.  J.  RANALD  MARTIN,  F.R.S. 


THE  INFLUENCE  OF  TROPICAL  CLIMATES  ON  EURO- 

PEAN  CONSTITUTIONS.  Originally  by  the  late  James  Johnson,  M.D.,  and  now 
entirely  rewritten ; including  Practical  Observations  on  the  Diseases  of  European  Invalids 
on  their  Return  from  Tropical  Climates.  Seventh  Edition.  8vo.  cloth,  16s. 


DR.  MASSY. 


ON  THE  EXAMINATION  OF  RECRUITS;  intended  for  the  Use  of 

Young  Medical  Officers  on  Entering  the  Army.  8vo.  cloth,  5s. 


DR.  MILLINGEN. 

ON  THE  TREATMENT  AND  MANAGEMENT  OF  THE  IN- 

SANE;  with  Considerations  on  Public  and  Private  Lunatic  Asylums.  18mo.  cloth, 
4s.  6d. 
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• MR.  JOHN  L.  MILTON,  M.R.C.S. 

PRACTICAL  OBSERVATIONS  ON  A NEW  WAY  OF 

TREATING  GONORRHCEA.  With  some  Remarks  on  the  Cure  of  Inveterate  Cases. 
8vo.  cloth,  5s. 


DR.  MONRO. 

I. 


REMARKS  ON  INSANITY:  its  Nature  and  Treatment.  8vo.  cloth,  6s. 

ii. 

REFORM  IN  PRIVATE  LUNATIC  ASYLUMS.  Svo.  doth,  is. 
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DR.  NOBLE. 


ELEMENTS  OF  PSYCHOLOGICAL  MEDICINE:  AN  INTRO- 
DUCTION TO  THE  PRACTICAL  STUDY  OF  INSANITY.  Second  Edition.  8vo. 
cloth,  10s. 

THE  HUMAN  MIND  IN  ITS  RELATIONS  WITH  THE 

BRAIN  AND  NERVOUS  SYSTEM.  Post  8vo.  cloth,  4s.  6d, 


MR.  J.  NOTTINGHAM,  F.R.C.S. 

DISEASES  OF  THE  EAR.  Illustrated  by  Clinical  Observations. 

8vo.  cloth,  12s. 
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MR.  NOURSE,  M.R.C.S. 

TABLES  FOE  STUDENTS.  Price  One  Shilling. 


1 


1.  Divisions  and  Classes  of  the  Animal  Kingdom. 

2.  Classes  and  Orders  of  the  Vertebrate  Sub-kingdom. 

3.  Classes  of  the  Vegetable  Kingdom,  according  to  the  Natural  and  Artificial  Systems. 

4.  Table  of  the  Elements,  with  their  Chemical  Equivalents  and  Symbols. 


MR.  NUNNELEY. 

A TREATISE  ON  THE  NATURE,  CAUSES,  AND  TREATMENT 

OF  ERYSIPELAS.  8vo.  cloth,  10s.  6 d. 


(©jfoitJ  (JnttttumS. — Edited  by  Dr.  Greenhili,. 


I.  ADDRESS  TO  A MEDICAL  STUDENT.  Second  Edition,  18mo.  cloth,  2s.  Gd. 

II.  PRAYERS  FOR  THE  USE  OF  THE  MEDICAL  PROFESSION.  Second 
Edition,  cloth,  Is.  Gd. 

III.  LIFE  OF  SIR  JAMES  STONIIOUSE,  BART.,  M.D.  Cloth,  4s.  6d. 

IV.  ANECDOTA  SYDENIIAMIANA.  Second  Edition,  18mo.  2s. 

V.  LIFE  OF  THOMAS  HARRISON  BURDER,  M.D.  18mo.  cloth,  4s. 

VI.  BURDER’S  LETTERS  FROM  A SENIOR  TO  A JUNIOR  PHYSICIAN, 

ON  PROMOTING  THE  RELIGIOUS  WELFARE  OF  HIS  PATIENTS.  18mo.  Sewed,  6d. 

VII.  LIFE  OF  GEORGE  CHEYNE,  M.D.  18mo.  sewed,  2s.  6d. 

VIII.  IIUFELAND  ON  THE  RELATIONS  OF  THE  PHYSICIAN  TO  THE 

SICK,  TO  THE  PUBLIC,  AND  TO  HIS  COLLEAGUES.  18mo.  Sewed,  9d. 

IX.  GISBORNE  ON  THE  DUTIES  OF  PHYSICIANS.  18mo.  sewed,  Is. 

X.  LIFE  OF  CHARLES  BRANDON  TRYE.  l8mo.  sewed,  Is. 

XI.  PERCIVAL’S  MEDICAL  ETHICS.  Third  Edition,  18mo.  cloth,  3s. 

XII.  CODE  OF  ETHICS  OF  THE  AMERICAN  MEDICAL  ASSOCIATION.  8rf. 

XIII.  WARE  ON  THE  DUTIES  AND  QUALIFICATIONS  OF  PHYSICIANS. 

M. 

XIV.  MAURICE  ON  THE  RESPONSIBILITIES  OF  MEDICAL  STUDENTS. 

9d. 

XV.  FRASER’S  QUERIES  IN  MEDICAL  ETHICS.  9d. 
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DR.  ODLING. 

A COUESE  OF  PRACTICAL  CHEMISTRY,  FOR  THE  USE 

OF  MEDICAL  STUDENTS.  Arranged  with  express  reference  to  the  Three  Months’ 
Summer  Course.  Post  8vo.  cloth,  4s.  6 d. 
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TRANSACTIONS  OF  THE  0D0NT0L0GICAL  SOCIETY  OF 

LONDON.  With  Plates.  Vol.  I.,  8vo.  cloth,  8s.  6 d. 


MR.  PAGET. 


A DESCRIPTIVE  CATALOGUE  OF  THE  ANATOMICAL 

MUSEUM  OF  ST.  BARTHOLOMEWS  HOSPITAL.  Vol.  I.  Morbid  Anatomy. 
8 vo.  cloth,  5s. 


DITTO.  Vol.  II.  Natural  and  Congenitally  Malformed  Structures, 
Models,  Casts,  Drawings,  and  Diagrams.  5s. 
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MR.  LANGSTON  PARKER. 

THE  MODERN  TREATMENT  OF  SYPHILITIC  DISEASES, 

both  Primary  and  Secondary;  comprising  the  Treatment  of  Constitutional  and  Confirmed 
Syphilis,  by  a safe  and  successful  Method.  Third  Edition,  8vo.  cloth,  10s. 


MR.  JAMES  PART,  F.R.C.S. 

THE  MEDICAL  AND  SURGICAL  POCKET  CASE  BOOK, 

for  the  Registration  of  important  Cases  in  Private  Practice,  and  to  assist  the  Student  of 
Hospital  Practice.  Second  Edition.  3s.  6d. 


DR.  THOMAS  B.  PEACOCK,  M.D. 

ON  MALFORMATIONS,  ETC.  ''OF  THE  HUMAN  HEART, 

with  Original  Cases.  With  Eight  Plates.  3vo.  cloth,  8s. 

ON  TOE  INFLUENZA,  OR  EPIDEMIC  CATARRHAL  FEVER 

OF  1847-8.  8vo.  cloth,  5s.  6d. 

DR.  PEREIRA,  F.R.S. 

SELECTA  E PRJESCRIPTIS.  Twelfth  Edition.  24mo.  cloth,  5s. 
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MR.  PETTIGREW,  F.R.S. 

ON  SUPERSTITIONS  connected  with  the  History  and  Practice  of 

Medicine  and  Surgery.  8vo.  cloth,  7s. 
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DR.  PICKFORD. 

HYGIENE;  or,  Health  as  Depending  upon  the  Conditions  of  the  Atmo- 
sphere, Food  and  Drinks,  Motion  ,md  Rest,  Sleep  and  Wakefulness,  Secretions, 
Excretions,  and  Retentions,  Mental  Emotions,  Clothing,  Bathing,  &e.  8vo.  cloth,  9s. 


MR.  PIRRIE,  F.R.S. E. 

TIIE  PRINCIPLES  AND  PRACTICE  0E  SURGERY.  With 


numerous  Engravings  on  Wood.  8vo.  cloth,  ‘21s. 


PHARMACOPEIA  COLLEGII  REGALIS  MEDICORUM  LON 

DINENSIS.  8vo.  cloth,  9s.;  or  24mo.  5s. 

Imprimatur. 

Hie  liber,  cui  titulus,  Pharmacopeia  Collegii  Regalis  Medicorum  Londinensis. 
Datum  ex  TEdibus  Collegii  in  comitiis  censoriis,  Novembris  Mensis  l4to  1850. 

Johannes  Ayrton  Paris.  Prases. 
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T PROFESSORS  PLATTNER  & MUSPRATT.  * 

t THE  USE  0E  TIIE  BLOWPIPE  IN  THE  EXAMINATION  OF 

MINERALS,  ORES,  AND  OTHER  METALLIC  COMBINATIONS.  Illustrated  W 
by  numerous  Engravings  on  Wood.  Third  Edition.  8vo.  cloth,  10s.  Gd. 
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” THE  PRESCRIBER’S  PHARMACOPOEIA ; containing  all  the  Medi-  ” 

cines  in  the  London  Pharmacopoeia,  arranged  in  Classes  according  to  their  Action,  with 
their  Composition  and  Doses.  By  a Practising  Physician.  Fourth  Edition.  32mo. 
cloth,  2s.  6d.;  roan  tuck  (for  the  pocket),  3s.  (id. 

DR.  JOHN  ROWLISON  PRETTY. 

AIDS  DURING  LABOUR,  including  the  Administration  of  Chloroform, 

the  Management  of  Placenta  and  Post-partum  Haemorrhage.  Fcap.  8vo.  cloth,  4s.  (id. 

MR.  LAKE  PRICE. 

PHOTOGRAPHIC  MANIPULATION ; Treating  of  the  Practice  of 

the  Art,  and  its  various  appliances  to  Nature.  With  Fifty  Engravings  on  Wood.  Post 
8 vo.  cloth,  6s.  6d. 

SIR  WM.  PYM,  K.C.H. 

OBSERVATIONS  UPON  YELLOW  FEVER,  with  a Review  of 

“A  Report  upon  the  Diseases  of  the  African  Coast,  by  Sir  Wm.  Burnett  and 
Dr.  Bryson,”  proving  its  highly  Contagious  Powers.  Post  8vo.  6s. 
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DR.  RADCLIFFE. 

j,  EPILEPSY,  AND  OTHER  CONVULSIVE  AFFECTIONS;  their 

Pathology  and  Treatment.  Second  Edition.  Post  8vo.  cloth,  7s.  6c/. 
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% DR.  F.  H.  RAMSBOTHAM.  fg 

v THE  PRINCIPLES  AND  PRACTICE  OE  OBSTETRIC  MEDI-  t 

CINE  AND  SURGERY.  Illustrated  with  One  Hundred  and  Twenty  Plates  on  Steel  L 
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and  Wood;  forming  one  thick  handsome  volume.  Fourth  Edition.  8vo.  cloth,  22s. 

DR.  RAMSBOTHAM. 

PRACTICAL  OBSERVATIONS  ON  MIDWIFERY,  with  a Selection 

of  Cases.  Second  Edition.  8vo.  cloth,  12s. 


DR.  DU  BOIS  REYMOND. 

ANIMAL  ELECTRICITY;  Edited  by  H.  Bence  Jones,  M.  D.,  F.R.S. 

With  Fifty  Engravings  on  Wood.  Foolscap  8vo.  cloth,  6s. 


DR.  REYNOLDS. 

ME  DIAGNOSIS  OF  DISEASES  OE  THE  BRAIN,  SPINAL 

CORD,  AND  THEIR  APPENDAGES.  Kvo.  cloth,  8s. 


DR.  B.  W.  RICHARDSON. 

I. 

ON  THE  CAUSE  OF  THE  COAGULATION  OF  THE  BLOOD. 

Being  the  Astley  Cooper  Prize  Essay  for  1856.  With  a Practical  Appendix. 

8 vo.  cloth,  16s. 

THE  HYGIENIC  TREATMENT  OE  PULMONARY  CONSUMP-  S, 

TION.  8vo.  cloth,  5s.  (id.  •' 
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DR.  W.  H.  ROBERTSON. 

THE  NATURE  AND  TREATMENT  OF  GOUT. 

8vo.  cloth,  10s.  Gd. 

A TREATISE  ON  DIET  AND  REGIMEN. 

Fourth  Edition.  2 vols.  post  8vo.  cloth,  12s. 

MR.  ROBERTO  N. 

ON  THE  PHYSIOLOGY  AND  DISEASES  OF  WOMEN,  AND 

ON  PRACTICAL  MIDWIFERY.  8™.  doth,  ]2s. 


MR  WILLIAM  ROBERTS. 

AN  ESSAY  ON  WASTING  PALSY ; being  a Systematic  Treatise  on 

the  Disease  hitherto  described  as  ATROPHIE  MUSCULAIRE  PROGRESSIVE. 
With  Four  Plates.  8vo.  cloth,  7s.  6<l. 

DR.  ROTH. 

ON  MOVEMENTS.  An  Exposition  of  their  Principles  and  Practice,  for 

the  Correction  of  the  Tendencies  to  Disease  in  Infancy,  Childhood,  and  Youth,  and  for 
the  Cure  of  many  Morbid  Affections  in  Adults.  Illustrated  with  numerous  Engravings 
on  Wood.  8 vo.  cloth,  10s. 
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DR.  ROWE,  F.S.A. 

I. 

ON  SOME  OF  THE  MORE  IMPORTANT  DISEASES  OF 

WOMEN  and  CHILDREN.  Second  Edition.  Fcap.  8vo.  cloth,  4s.  6c?. 

NERYOUS  DISEASES,  LIVER  AND  STOMACH  C0M- 

PLAINTS,  LOW  SPIRITS,  INDIGESTION,  GOUT,  ASTHMA,  AND  DIS- 
ORDERS PRODUCED  BY  TROPICAL  CLIMATES.  With  Cases.  Fifteenth 
Edition.  Fcap.  8vo.  2s.  6d. 
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DR.  ROYLE,  F.R.S. 

A MANUAL  OF  MATERIA  MEDICA  AND  THERAPEUTICS. 

With  numerous  Engravings  on  Wood.  Third  Edition.  Fcap.  8vo.  cloth,  12s.  6d. 

MR.  RUMSEY,  F.R.C.S. 

ESSA1 S ON  STATE  MEDICINE.  8vo.  cloth,  10s.  6c?. 


MR.  SAVORY. 

A COMPENDIUM  OF  DOMESTIC  MEDICINE,  AND  COMPA- 
NION TO  THE  MEDICINE  CHEST;  comprising  Plain  Directions  for  the  Employ- 
ment of  Medicines,  with  their  Properties  and  Doses,  and  Brief  Descriptions  of  the 
Symptoms  and  Treatment  of  Diseases,  and  of  the  Disorders  incidental  to  Infants  and 
Children,  with  a Selection  of  the  most  efficacious  Prescriptions.  Intended  as  a Source 
of  Easy  Reference  for  Clergymen,  and  for  Families  residing  at  a Distance  from  Profes- 
sional Assistance.  Fifth  Edition.  l2mo.  cloth,  5s. 
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DR.  SCHACHT. 

THE  MICROSCOPE,  AND  ITS  APPLICATION  TO  VEGETABLE 

ANATOMY  AND  PHYSIOLOGY.  Edited  by  Frederick  Currey,  M.A.  Fcap. 
8vo.  cloth,  6s. 


DR.  SEMPLE. 

ON  COEGH  : its  Causes,  Varieties,  and  Treatment.  With  some  practical 

Remarks  on  the  Use  of  the  Stethoscope  as  an  aid  to  Diagnosis.  Post  8vo.  cloth,  4s.  6d. 


MR.  SHAW,  M.R.C.S. 

TEE  MEDICAL  REMEMBRANCER;  OR,  BOOK  OF  EMER- 
GENCIES : in  which  are  concisely  pointed  out  the  Immediate  Remedies  to  be  adopted 
in  the  First  Moments  of  Danger  from  Poisoning,  Drowning,  Apoplexy,  Burns,  and  other 
Accidents;  with  the  Tests  for  the  Principal  Poisons,  and  other  useful  Information. 
Fourth  Edition.  Edited,  with  Additions,  by  Jonathan  Hutchinson,  M.R.C.S.  32mo. 
cloth,  2s.  6d. 


DR.  SIBSON,  F.R.S. 

MEDICAL  ANATOMY.  With  coloured  Plates.  Imperial  folio.  Fasci- 

culi I.  to  V.  5s.  each. 

.WWVtWWVMW  WAW 


DR.  E.  H.  SIEVEKING. 

ON  EPILEPSY  AND  EPILEPTIFORM  SEIZURES: 

Causes,  Pathology,  and  Treatment.  Post  8vo.  cloth,  7s.  6d. 
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MR.  SKEV,  F.R.S. 

OPERATIVE  SURGERV  : with  Illustrations  engraved  on  Wood. 

cloth,  12s.  6d. 
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8vo. 
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DR.  SMELLIE. 

OBSTETRIC  PLATES:  being  a Selection  from  the  more  Important  and 

Practical  Illustrations  contained  in  the  Original  Work.  With  Anatomical  and  Practical 
Directions.  8vo.  cloth,  5s. 


MR.  HENRY  SMITH,  F.R.C.S. 

ON  STRICTURE  OF  THE  URETHRA.  8vo.  cloth,  7s.  s d. 


DR.  W.  TYLER  SMITH. 

I. 

A MANUAL  OF  OBSTETRICS,  THEORETICAL  AND  PRAC- 

TICAL.  Illustrated  with  186  Engravings.  Fcap.  8vo.  cloth,  12s.  6d. 


ii. 


THE  PATHOLOGY  AND  TREATMENT 

With  Engravings  on  Wood.  8vo.  cloth,  7s. 


OF  LEUCORRntEA. 


III. 


THE  PERIODOSCOPE,  a new  Instrument  for  determining  the  Date  of 

Labour,  and  other  Obstetric  Calculations,  with  an  Explanation  of  its  Uses,  and  an  Essay 
on  the  Periodic  Phenomena  attending  Pregnancy  and  Parturition.  8vo.  cloth  4s. 
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ON  THE  MODE  OF  COMMUNICATION  OF  CHOLERA. 

Second  Edition,  much  Enlarged,  and  Illustrated  with  Maps.  8yo.  cloth,  7s. 


DR.  STANHOPE  TEMPLEMAN  SPEER. 

PATHOLOGICAL  CHEMISTRY,  IN  ITS  APPLICATION  TO 

THE  PRACTICE  OF  MEDICINE.  Translated  from  the  French  of  MM.  Becquerel 
and  Rodier.  8vo.  cloth,  12s. 

DR.  SPURGIN. 

LECTURES  ON  MATERIA  MEDICA,  AND  ITS  RELATIONS 

TO  THE  ANIMAL  ECONOMY.  Delivered  before  the  Royal  College  of  Physicians. 
8vo.  cloth,  5s.  6d. 

MR.  SQUIRE,  F.L.S. 

THE  PHARMACOPCEIA,  (LONDON,  EDINBURGH,  AND 

DUBLIN,)  arranged  in  a convenient  Tabular  Form,  both  to  suit  the  Prescnber  for  ( 
comparison,  and  the  Dispenser  for  compounding  the  formulae;  with  Notes,  lests,  and  , 
Tables.  8vo.  cloth,  12s.  

DR.  SWAYNE. 

OBSTETRIC  APHORISMS  FOR  THE  USE  OF  STUDENTS 

COMMENCING  MIDWIFERY  PRACTICE.  With  Engravings  on  W ood.  leap. 
8vo.  cloth,  3s.  6d. 

DR.  STEGGALL. 

students’  books  for  examination. 

A MEDICAL  MANUAL  EUR  APOTHECARIES’  HALL  AND  OTHER  MEDICAL 

BOARDS.  Eleventh  Edition.  12mo.  cloth,  10s. 

ii. 

A MANUAL  FOR  THE  COLLEGE  OF  SURGEONS;  intended  for  the  Use 

of  Candidates  for  Examination  and  Practitioners.  Second  Edition.  12mo.  cloth,  10s. 

hi. 

GREGORY’S  CONSPECTUS  MEDICINJE  THEORETICS.  The  First  Part  con- 
taining the  Original  Text,  with  an  Ordo  Verborum,  and  Literal  Translation.  12mo. 
cloth,  10s. 

IV. 

THE  FIRST  FOUR  BOOKS  OP  CELSUS;  containing  the  Text,  Ordo  Verb- 

orum, and  Translation.  Second  Edition.  12mo.  cloth,  8s. 

v. 

A TENT-BOOK  OF  MATERIA-MEDICA  AND  THERAPEUTICS.  12mo.  cloth,  7s. 

. VI. 

FIRST  LINES  FOR  CHEMISTS  AND  DRUGGISTS  PREPARING  FOR  Ex- 
amination AT  THE  PHARMACEUTICAL  SOCIETY.  Second  Edition. 
18mo.  cloth,  3s.  6 <7. 
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MR.  STOWE,  M.R.C.S. 

A TOXICOLOGICAL  CHART,  exhibiting  at  one  view  the  Symptoms, 

Treatment,  and  Mode  of  Detecting  the  various  Poisons,  Mineral,  Vegetable,  and  Animal. 
To  which  are  added,  concise  Directions  for  the  Treatment  of  Suspended  Animation. 
Eleventh  Edition.  On  Sheet,  2s.;  mounted  on  Roller,  5s. 

MR.  TAMPLIN,  F.R.C.S.E. 

LATERAL  CURVATURE  OF  THE  SPINE:  its  Causes,  Nature,  and 

Treatment.  8vo.  cloth,  4s. 


DR.  ALFRED  S.  TAYLOR,  F.R.S. 
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A MANUAL  OF  MEDICAL  JURISPRUDENCE.  Sixth  Edition. 

Fcap.  8vo.  cloth,  12s.  6d. 

n. 

ON  POISONS,  in  relation  to  MEDICAL  JURISPRUDENCE  AND 

MEDICINE.  Fcap.  8vo.  cloth,  12s.  6d. 


DR.  THEOPHILUS  THOMPSON,  F.R.S. 

I. 

CLINICAL  LECTURES  ON  PULMONARY  CONSUMPTION. 

With  Plates.  8vo.  cloth,  7s.  6d. 

LETTSOMIAN  LECTURES  ON  PULMONARY  CONSUMPTION ; 

with  Remarks  on  Microscopical  Indications,  and  on  Cocoa-nut  Oil.  Post  8vo.,  2s.  6d. 
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DR.  THOMAS. 

THE  MODERN  PRACTICE  OF  PHYSIC;  exhibiting  the  Symp- 
toms, Causes,  Morbid  Appearances,  and  Treatment  of  the  Diseases  of  all  Climates. 
Eleventh  Edition.  Revised  by  Algernon  Frampton,  M.D.  2 vols.  8vo.  cloth,  28s. 


HENRY  THOMPSON,  M.B.  LOND.,  F.R.C.S. 

STRICTURE  OF  THE  URETHRA;  its  Pathology  and  Treatment. 

The  last  Jacksonian  Treatise  of  the  Royal  College  of  Surgeons.  With  Plates.  8vo. 
cloth,  10s. 


D R.  TILT. 


ON  DISEASES  OF  WOMEN  AND  OVARIAN  INFLAM- 

MATION  IN  RELATION  TO  MORBID  MENSTRUATION,  STERILITY 
PELVIC  TUMOURS,  AND  AFFECTIONS  OF  THE  WOMB.  Second  Edition! 
8vo.  cloth,  9s. 
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T THE  CHANGE  OF  LIFE  IN  HEALTH  AND  DISEASE:  a 

Sj  Practical  Treatise  on  the  Nervous  and  other  Affections  incidental  to  Women  at  the  Decline 

a*  of  Life.  Second  Edition.  8vo.  cloth,  6s. 
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DR.  ROBERT  B.  TODD,  F.R.S. 

I. 

CLINICAL  LECTURES  ON  PARALYSIS,  DISEASES  OF  THE 

BRAIN,  and  other  AFFECTIONS  of  the  NERVOUS  SYSTEM.  Second  Edition. 
Foolscap  8vo.  cloth,  6s. 

ii. 

CLINICAL  LECTURES  ON  CERTAIN  DISEASES  OF  THE 

URINARY  ORGANS,  AND  ON  DROPSIES.  Fcap.  8vo.  cloth,  6s. 


MR.  JOSEPH  TOYNBEE,  F.R.S. 

A DESCRIPTIVE  CATALOGUE  OF  PREPARATIONS  ILLUS- 

TRATIVE  OF  THE  DISEASES  OF  THE  EAR,  IN  HIS  MUSEUM.  Svo. 
cloth,  5s. 
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MR.  SAMUEL  TUKE. 

DR.  JACOBI  ON  TnE  CONSTRUCTION  AND  MANAGEMENT  i 

OF  HOSPITALS  FOR  THE  INSANE.  Translated  from  the  German.  W ith  In-  ] 
troductory  Observations  by  the  Editor.  With  Plates.  8vo.  cloth,  9s.  \ 


DR.  TURNBULL.  H 

t A PRACTICAL  TREATISE  ON  DISORDERS  OF  TnE  STOMACH 

0 with  FERMENTATION;  and  on  the  Causes  and  Treatment  of  Indigestion,  &c.  8vo.  $ 

cloth,  6s. 


DR.  UNDERWOOD. 

TREATISE  ON  THE  DISEASES  OF  CHILDREN.  Tenth  Edition, 

with  Additions  and  Corrections  by  Henry  Davies,  M.D.  8vo.  cloth,  15s. 
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YESTIGES  OF  TnE  NATURAL  HISTORY  OF  CREATION. 

Tenth  Edition.  Illustrated  with  100  Engravings  on  Wood.  8vo.  cloth,  12s.  6d. 

BY  THE  SAME  AUTHOR. 

EXPLANATIONS:  A SEQUEL  TO  "YESTIGES.” 

Second  Edition.  Post  Svo.  cloth,  5s. 
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DR.  UNGER. 


BOTANICAL  LETTERS.  Translated  by  Dr.  B.  Paul. 

Woodcuts.  Post  8vo.,  5s. 
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DR.  VAN  OVEN. 


ON  THE  DECLINE  OF  LIFE  IN  HEALTH  AND  DISEASE ; 

being  an  Attempt  to  Investigate  the  Causes  of  LONGEVITY,  and  the  Best  Means  of 
Attaining  a Healthful  Old  Age.  8vo.  cloth,  10s.  6d. 


MR.  WADE,  F.R.C.S. 

STRICTURE  OF  THE  URETHRA ; its  Complications  and  Effects. 

With  Practical  Observations  on  its  Causes,  Symptoms,  and  Treatment;  and  on  a Safe 
and  Efficient  Mode  of  Treating  its  more  Intractable  Forms.  8vo.  cloth,  5s. 


DR.  WALLER. 

ELEMENTS  0E  PRACTICAL  MIDWIFERY;  or,  Companion  to 

the  Lying-in  Room.  Fourth  Edition,  with  Plates.  Fcap.  cloth,  4s.  Gd. 
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MR.  HAYNES  WALTON,  F.R.C.S. 


OPERATIVE  OPHTHALMIC  SURGERL.  With  Engravings  on 

\ Wood.  8vo.  cloth,  18s. 


DR.  WARDROP. 

ON  DISEASES  0E  DUE  HEART.  8vo.  cloth,  12,. 


DR.  EBEN.  WATSON,  A.M. 

ON  THE  TOPICAL  MEDICATION  OF  THE  LARYNX  IN 

CERTAIN  DISEASES  OF  THE  RESPIRATORY  AND  VOCAL  ORGANS. 
8vo.  cloth,  5s. 


DR.  WEBER. 


A CLINICAL  HAND-BOOK  OF  AUSCULTATION  AND  Per- 

cussion. Translated  by  John  Cockle,  M.D.  5s. 


DR.  WE  GO. 

OBSERVATIONS  RELATING  TO  THE  SCIENCE  AND  ART 

OF  MEDICINE.  8vo.  cloth,  8s. 


DR.  WEST. 

LECTURES  ON  THE  DISEASES  OF  WOMEN.  8vo.  cloth,  10..  6 d. 
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MR.  T.  SPENCER  WELLS,  F.R.C.S. 

PRACTICAL  OBSERVATIONS  ON  GOUT  AND  ITS  COMPEL 

CATIONS,  and  on  the  Treatment  of  Joints  Stiffened  by  Gouty  Deposits.  Foolscap  8vo. 
cloth,  5s. 

MR.  WHEELER. 

HAND-BOOK  OF  ANATOMY  FOR  STUDENTS  OF  TIIE 

FINE  ARTS.  New  Edition,  with  Engravings  on  Wood.  Fcap.  8vo.,  2s.  tid. 
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DR.  WHITEHEAD,  F.R.C.S. 

I. 

ON  TIIE  TRANSMISSION  FROM  PARENT  TO  OFFSPRING 

OF  SOME  FORMS  OF  DISEASE,  AND  OF  MORBID  TAINTS  AND 
TENDENCIES.  Second  Edition.  8vo.  cloth,  10s.  6 d. 

THE  CAUSES  AND  TREATMENT  OF  ABORTION  AND 

STERILITY  : being  the  result  of  an  extended  Practical  Inquiry  into  the  Physiological 
and  Morbid  Conditions  of  the  Uterus,  with  reference  especially  to  Leucorrhoeal  Affec- 
tions, and  the  Diseases  of  Menstruation.  8vo.  cloth,  12s. 


DR.  WILLIAMS,  F.R.S. 


PRINCIPLES  OF  MEDICINE  : An  Elementary  View  of  the  Causes, 

Nature,  Treatment,  Diagnosis,  and  Prognosis,  of  Disease.  With  brief  Remarks  on 
Hygienics,  or  the  Preservation  of  Health.  The  Third  Edition.  8vo.  cloth,  15s. 


DR.  JOSEPH  WILLIAMS. 

INSANITY  : its  Causes,  Prevention,  and  Cure ; including  Apoplexy, 

Epilepsy,  and  Congestion  of  the  Brain.  Second  Edition.  Post  8vo.  cloth,  10s.  6 d. 


DR.  J.  HUME  WILLIAMS. 

UNSOUNDNESS  OF  MIND,  IN  ITS  MEDICAL  AND  LEGAL 

CONSIDERATIONS.  8vo.  cloth,  7s.  6d. 
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DR.  HENRY  G.  WRIGHT. 

HEADACHES  ; their  Causes  and  their  Cure.  Second  Edition.  Fcap.  8vo. 


2s.  6d. 
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MR.  ERASMUS  WILSON,  F.R.S. 
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TIIE  ANATOMIST’S  VADE-MECUM : A SYSTEM  OF  HUMAN 

ANATOMY.  With  numerous  Illustrations  on  Wood.  Seventh  Edition.  Foolscap  8vo. 
cloth,  12s.  6d. 

ii. 

DISEASES  OF  THE  SKIN : A Practical  and  Theoretical  Treatise  on 

the  DIAGNOSIS,  PATHOLOGY,  and  TREATMENT  OF  CUTANEOUS  DIS- 
EASES. Fourth  Edition.  8vo.  cloth,  16s. 

The  same  Work;  illustrated  with  finely  executed  Engravings  on  Steel,  accurately 
coloured.  8vo.  cloth,  34s. 

in. 

HEALTHY  SKIN : a Treatise  on  the  Management  of  the  Skin  and  Hair 

in  relation  to  Health.  Fifth  Edition.  Foolscap  8vo.  2s.  6d. 

iv. 

PORTRAITS  OE  DISEASES  OF  THE  SKIN.  Folio.  Fasciculi  I. 

to  XII.,  completing  the  Work.  20s.  each. 

V. 

T ON  SYPHILIS,  CONSTITUTIONAL  AND  HEREDITARY; 
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